UTILISING AUTOFOCUS INFORMATION IN A DIGITAIi IMA.GE CAMERA. 

Field of the Invention 

The present invention relates to an • image processing 
method and apparatus and, in particular, discloses a process 
for Utilising Autofocus Information in a Digital Image Camera. 
Background of the Invention 

Recently, digital cameras have become increasingly 
popular. These cameras normally operate by means of imaging a 
desired image utilising a charge coupled device (CCD) array and 
storing the imaged scene on an electronic storage medium for 
later down loading onto a computer system for subsequent 
manipulation and printing out. Normally, when utilisi-ng a 
computer system to print out an image, sophisticated software 
may be available to manipulate the image in accordance with 
requirements . 

Unfortunately such systems require significant post 
processing of a captured image and normally present the image 
in an orientation to which is was taken, relying on the post 
processing process to perform any necessary or required 
modifications of the captured image. 
Summary of the Invention 

It is an object of the present invention to provide a 
means for enhanced processing of images captured by a digital 
camera utilising autofocus information. 

In accordance with a first aspect of the present invention 
there is provided a method of processing a digital image 
comprising : 

capturing the image utilising an adjustable focusing 
technique; 

utilising the focusing settings as an indicator of the 
position of structures within the image; 

processing the image, utilising the said focus settings to 
produce effects specific to said focus settings; and 

printing out the image. 
Preferably the • image can be captured utilising a zooming 
technique; and the zooming settings can be used in a heuristic 
manner so as to process portions of said image. 
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Brief Description of the Drawings 

Notwithstanding any other forms which may fall within the 
scope of the present invention, preferred forms of the 
invention will now be described, by way of example only, with 
reference to the accompanying drawings which: 

Fig. 1 illustrates the method of the preferred embodiment. 
Description of Preferred Embodiments 

The preferred embodiment is preferable implemented through 
suitable programming of a hand held camera device such as that 
described in the concurrently filed application entitled '^A 
Digital Image Printing Camera with Image Processing Capability" 
filed concurrently herewith by the present applicant the 
content of which is hereby specifically incorporated by cross 
reference and the details of which, and other related 
applications are set out in the tables below. 

The aforementioned patent specification discloses a camera 
system, hereinafter known as an ^'Artcam'' type camera, wherein 
sensed images can be directly printed out by an Artcam portable 
camera unit. Further, the aforementioned specification 

discloses means and methods for performing various 
manipulations on images captured by the camera sensing device 
leading to the production of various effects in any output 
image. The manipulations are disclosed to be highly flexible 
in nature and can be implemented through the insertion into the 
Artcam of cards having encoded thereon various instructions for 
the manipulation of images, the cards hereinafter being known 
as Artcards. The Artcam further has significant onboard 
processing power by an Artcam Central Processor unit (ACP) 
which is interconnected to a memory device for the storage of 
important data and images . 

In the preferred embodiment, autofocus is achieved by 
processing of a CCD data stream to ensure maximum contrast. 
Techniques for determining a focus position based on a CCD data 
stream are known. For example, reference is made to '^The 
Encyclopedia of Photography" editors Leslie Stroebel and 
Richard Zakia, published 1993 by Butterworth-Heinemann and 
^'Applied Photographic Optics" by London & Boston, Focal Press, 
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1988. These techniques primarily rely on measurements of 
contrast between adjacent pixels over portions of an input 
image. The image is initally processed by the ACP in order to 
determine a correct autofocus setting. 

This autofocus information is then utilised by the ACP in 
certain modes, for example, when attempting to locate faces 
within the image, as a guide to the likely size of any face 
within the image, thereby simplifying the face location 
process . 

Turning- now to Fig. 1, there is illustrated 1 an example 
of the method utilised to determine likely image 
characteristics for examination by a face detection algorithm. 

Various images eg. 2, 3 and 4 are imaged by the camera^ 
device. As a by product of the operation of the auto-focusing 
the details of the focusing settings are stored by the ACP. 
Additionally, a current position of the zoom motor is also 
utilised 6. Both of these settings are determined by the ACP. 
Subsequently, the ACP applies any analysis techniques 8 to the 




detected values before producin-g an output 9^having a magnitude 



corresponding to the likely depth location of objects 
interest within the image . 

Next, the depth value is utilised in a face detection 
algorithm 10 running on the ACP 31 in addition to the inputted 
sensed imag^e__ll so as to locate objects within the image. A 
close <range value^^^^^^^ndicates a high probability of a portrait 
image, a medium-'range indicates a high probability of a group 
photograph and a further range indicates a higher probability 
of a landscape image. This probability information can be 
utilised as an aid for the face detection algorithm and also 
can be utilised for selecting between various parameters when 
producing ''painting" effects within the image or painting the 
image with clip arts or the like, with different techniques or 
clip arts being applied depending on the distance to an object. 

It would be appreciated by a person skilled in the art 
that numerous variations and/or modifications may be made to 
the present invention as shown in the specific embodiment 
without departing from the spirit or scope of the invention as 
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broadly described. The present embodiment is, therefore, to be 
considered in all respects to be illustrative and not 
restrictive . 

The present invention is father best utilized in the 
Artcam device, the details of which are set out in the 
following paragraphs although it is not restricted thereto. 
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Ink Jet Technologies 

The embodiments of the invention use an ink jet printer 
type device. Of course many different devices could be used. 
However presently popular ink jet printing technologies are 
unlikely to be suitable. 

The most significant problem with thermal Inkjet is power 
consumption. This is approximately 100 times that required for 
high speed, and stems from the energy-inefficient means of drop 
ejection. This involves the rapid boiling of water to produce a 
vapor bubble which expels the ink. Water has a very high heat 
capacity, and must be superheated in thermal Inkjet 
applications. This leads to an efficiency of around 0.02%, from 
electricity input to drop momentum (and increased surface area) 
out . 

The most significant problem with piezoelectric Inkjet is 
size and cost. Piezoelectric crystals have a very small 
deflection at reasonable drive voltages, and therefore require 
a large area for each nozzle. Also, each piezoelectric actuator 
must be connected to its drive circuit on a separate substrate. 
This is not a significant problem at the current limit of 
around 300 nozzles per print head, but is a major impediment to 
the fabrication of pagewide print heads with 19,200 nozzles. 

Ideally, the Inkjet technologies used meet the stringent 
requirements of in-camera digital color printing and other high 
quality, high speed, low cost printing applications. To meet 
the requirements of digital photography, new Inkjet 
technologies have been created. The target features include: 

low power (less than 10 Watts) 

high resolution capability (1,600 dpi or more) 
photographic quality output 
low manufacturing cost 

small size (pagewidth times minimum cross section) 
high speed (< 2 seconds per page) . 

All of these features can be met or exceeded by the Inkjet 
systems described below with differing levels of difficulty. 45 
different Inkjet technologies have been developed by the 
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Assignee to give a wide range of choices for high volume 
manufacture. These technologies form part of separate 

applications assigned to the present Assignee as set out in the 
table below. 

The Inkjet designs shown here are suitable for a wide 
range of digital printing systems, from battery powered one- 
time use digital cameras, through to desktop and network 
printers, and through to commercial printing systems 

For ease of manufacture using standard process equipment, 
the print head is designed to be a monolithic 0.5 micron CMOS 
chip with MEMS post processing. For color photographic 
applications, the print head is 100 mm long, with a width which 
depends upon the Inkjet type. The smallest print head designed 
is IJ38, which is 0.35 mm wide, giving a chip area of 35 square 
mm. The print heads each contain 19,200 nozzles plus data and 
control circuitry . 

Ink is supplied to the back of the print head by injection 
molded plastic ink channels. The molding requires 50 micron 
features, which can be created using a lithographically 
micromachined insert in a standard injection molding tool. Ink 
flows through holes etched through the wafer to the nozzle 
chambers fabricated on the front surface of the wafer. The 
print head is connected to the camera circuitry by tape 
automated bonding . 
Cross-Ref erenced Applications 

The following table is a guide to cross-referenced patent 
applications filed concurrently herewith and discussed 
hereinafter with the reference being utilized in subsequent 
tables when referring to a particular case: 



Docket 
No. 


Reference 


Title 


IJOIUS 


IJOl 


Radiant Plunger Ink Jet Printer 


IJ02US 


IJ02 


Electrostatic Ink Jet Printer 


IJ03US 


IJ03 


Planar Thermoelastic Bend Actuator Ink Jet 


IJ04US 


IJ04 


Stacked Electrostatic Ink Jet Printer 


IJ05US 


IJ05 


Reverse Spring Lever Ink Jet Printer 


IJ06US 


IJ06 


Paddle Type Ink Jet Printer 


IJ07US 


IJ07 


Permanent Magnet Electromagnetic Ink Jet Printer 


IJ08US 


IJ08 


Planar Swing Grill Electromagnetic Ink Jet Printer 
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T-*iinnn Ar*tion T^pfill Tnk" Tpf P*rintpr 


TTl 01 


TTIO 


T^iilc<=*H IV/TficrnRtip T^ipIH Trik" Tpf T-^T*intf*r 

X LlioCLi IVXdgllC'Ll^ X i^iVJ. XiXlV J^L JTIlXilC'X 


TTl ITT*^ 


TTl 1 


T^\A/o T^lpitF* pvpr^p Thinner l-*lpptmm?ionf*tir' TnV Tpf T^rintf*r 

X W\J 1 idl^ XVt'Vt'Xot* 1 llilig, X-zlt^LlVJllXd^llCll^ XllJV X lllilC'i 


TT19TT^ 

IJ LZ^KJ iJ 


TT12 


T inf=»ar Sltpnnpr AftiiPitnr TriW Tpf T^rinfpr 


IJ13US 


IJ13 


Gear Driven Shutter Ink Jet Printer 


TTl 4T 


TTl d 




TTl ST 


TTl S 
1 J 1 J 


Lvincdi opririy, rjieuLiuiiia^iiciic onii iiik jcl x rinicr 


TTl ^T 


TTl ^ 
1 J 1 o 


LjOrenz i^iapnTagrn j-zicLirurnagnciiL' injv jci r rinicr 


TTl 7T TC 


TTl 7 
IJ 1 / 


r i r li> ourid-Lc onooLing onuiicrcci wsciiiaiing rressure inK jei 

x^i lillCl 


TTl RT T9 


TTl 8 


T^iir*H*=» r~TT*m r~^or*i 1 1 5if 1 tier t^i**=*coiirp» Tnlr Tf^f T^T*infp»T* 
OLlClviC vJllU v_>'oC'lllclllll^ X ICobUJC liiiv JCl x^lilllCl 


TTl 0TT<^1 

IJ 1 !7UO 


TTl 0 

1 J 1 17 


QVni++p»T* T-^5icp»rl TnV T*=»f T^inr\f(^v 
OllLlLlCl xDCloCLl IXliV JCL l^llllLCl 


TTOflT T<\ 
IJ ZUUO 


TT9n 


V_>UIllIlg, y^cLiy K 1 llClllUJCld-bLlC lllK JCL r lllllCl 


TTOI T TC 
i J Z 1 VJvJ 


TT9 1 

IJZ i 


1 ncirnd-i /\CLUd.Lcci iriK jcl ronier 


TT99T 


TT99 

IJZZ 


in a ivioilun iriK jci r rinier 


TTO'^T TQ 


IJZ J 


uireci riring i nermai oena /\ciuaior inK jei i^rinxer 


TT9AT TQ 


T T9A 
IJZ^ 


v-xOnauciive i fiz/ ocn /\ciivai,or v enieu iiik jex -rrinier 


TTOST TQ 


TTOS 
1JZ3 


iviagneiosincTivc iriK jei x^rinicr 


IJ26US 


IJ26 


Sliape Memory Alloy Ink Jet Printer 


T TO'7T TC 
IJz /U^> 


T TO '7 

IJz / 


oucKie Jriate inK Jet r^rinter 


TTOOT TC 


T TOO 

IJzo 


Thermal Elastic Rotary Impeller Ink Jet Printer 


T TOOT TC 

ijzyu^> 


T TOO 


Thermoelastic Bend Actuator Ink Jet Printer 


TT'^riT TC 


IJ JU 


Thermoelastic Bend Actuator Using PTFE and Corrugated Copper 
Ink Jet Printer 


T T'5 1 T TC 


TT'J 1 
IJ J 1 


Bend Actuator Direct Ink Supply Ink Jet Printer 


TT70T TC 
IJ JzUo 


T T'iO 


A High Young's Modulus Thermoelastic Ink Jet Printer 


TT^OT TC 


T T'2'J 
IJ J J 


Thermally actuated slotted chamber wall Inkjet printer 


T y^/lT TC 


T Ttl/1 
IJ J4 


Ink Jet Printer having a thermal actuator comprising an external 
coiieu spring 


TT'^ST TQ 
IJ J jUo 


TT'^ S 


1 rougn v_-oniaincr inK j ex r rinxer 


IJ36US 


IJ36 


Dual Chamber Single Vertical Actuator Ink Jet 


TT'^7T TC 
IJ J / Uo 


IJ J / 


Dual Nozzle Single Horizontal Fulcrum Actuator Ink Jet 


IJ38US 


IJ38 


Dual Nozzle Single Horizontal Actuator Ink Jet 


T TTOT TC 

IJ jyuo 


T T1 n 


A single bend actuator cupped paddle ink jet printing device 


TT/im TC 


T T/1 A 


A thermally actuated ink jet printer having a series of thermal 
acruaxor unixs 


TTdl T TC 
IJH 1 U o 


TTAl 


/\ inermaiiy acxuaxea inK jex pnnxer mciuamg a xapereu neaxer 
element 


IJ42US 


IJ42 


Radial Back-Curling Thermoelastic Ink Jet 


IJ43US 


IJ43 


Inverted Radial Back-Curling Thermoelastic Ink Jet 


IJ44US 


IJ44 


Surface bend actuator vented ink supply ink jet printer 


IJ45US 


IJ45 


Coil Acutuated Magnetic Plate Ink Jet Printer 



Tables of Drop-on-Demand Inkjets 

Eleven important characteristics of the fundamental 
operation of individual Inkjet nozzles have been identified. 
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These characteristics are largely orthogonal, and so can be 
elucidated as an eleven dimensional matrix. Most of the eleven 
axes of this matrix include entries developed by the present 
assignee . 

The following tables form the axes of an eleven 
dimensional table of Inkjet types. 
Actuator mechanism (18 types) 
Basic operation mode (7 types) 
Auxiliary mechanism (8 types) 

Actuator amplification or modification method (17 types) 
Actuator motion (19 types) 
Nozzle refill method (4 types) 

Method of restricting back-flow through inlet (10 types) 
Nozzle clearing method (9 types) 
Nozzle plate construction (9 types) 
Drop ejection direction (5 types) 
Ink type (7 types) 

The complete eleven dimensional table represented by these 
axes contains 36.9 billion possible configurations of Inkjet 
nozzle. While not all of the possible combinations result in a 
viable Inkjet technology, many million configurations are 
viable. It is clearly impractical to elucidate all of the 
possible configurations. Instead, certain Inkjet types have 
been investigated in detail. These are designated IJOl to IJ45 
above . 

Other Inkjet configurations can readily be derived from 
these 45 examples by substituting alternative configurations 
along one or more of the 11 axes. Most of the IJOl to IJ45 
examples can be made into Inkjet print heads with 
characteristics superior to any currently available Inkjet 
technology. 

Where there are prior art examples known to the inventor, 
one or more of these examples are listed in the examples column 
of the tables below. The IJOl to IJ45 series are also listed in 
the examples column. In some cases, a printer may be listed 
more than once in a table, where it shares characteristics with 
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more than one entry. 

Suitable applications include: Home printers. Office 
network printers. Short run digital printers. Commercial print 
systems. Fabric printers. Pocket printers, Internet WWW 
printers. Video printers. Medical imaging, Wide format 
printers. Notebook PC printers. Fax machines. Industrial 
printing systems. Photocopiers, Photographic minilabs etc. 

The information associated with the aforementioned 11 
dimensional matrix are set out in the following tables. 
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Actuator mechanism (applied only to selected ink drops) 



Actuator 
Mechanism 


Description 


Advantages 


Disadvantages 


Examples 


Thermal 
bubble 


An electrothermal lieater heats the 
inl( to above boiling point, 
transferring significant heat to the 
aqueous ink. A bubble nucleates and 
quickly forms, expelling the ink. 

The efficiency ofthe process is low, 
with typically less than 0.05% ofthe 
electrical energy being transformed 
into kinetic energy ofthe drop. 


♦ Large force generated 

♦ Simple construction 

♦ No moving parts 

♦ Fast operation 

♦ Small chip area required for 
actuator 


♦ High power 

♦ Ink carrier limited to water 

♦ Low efficiency 

♦ High temperatures required 

♦ High mechanical stress 

♦ Unusual materials required 

♦ Large drive transistors 

♦ Cavitation causes actuator failure 

♦ Kogation reduces bubble formation 

♦ Large print heads are difficult to 
fabricate 


♦ Canon Bubblejet 
1979EndoetalGB 
patent 2,007, 162 

♦ Xerox heater-in-pit 
1990 Hawkins etal 
USP4,899,181 1 

♦ Hewlett-Packard Til 
1982 Vaught etal 
USP 4,490,728 


Piezoelectric 


A piezoelectric crystal such as lead 
lanthanum zirconate(PZT) is 
electrically activated, and either 
expands, shears, or bends to apply 
pressure to the ink, ejecting drops. 


♦ Low power consumption 

♦ Many ink types can be used 

♦ Fast operation 

♦ High efficiency 


♦ Very large area required for actuator 

♦ Difficult to integrate with electronics 

♦ High voltage drive transistors required 

♦ Full pagewidth print heads impractical 
due to actuator size 

♦ Requires electrical poling in high field 
strengths during manufacture 


♦ KyseretalUSP 
3,946,398 

♦ ZoltanUSP 
3,683,212 

♦ 1973 Stemme USP 
3,747,120 

♦ Epson Stylus 

♦ Tektronix 

♦ IJ04 g 
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Electro- 
strictive 


An electric field is used to activate 
electrostriction in relaxor materials 
such as lead lanthanum zirconate 
titanate (PLZT) or lead magnesium 
nioDaie (riviiN). 


♦ Low power consumption 

♦ Many ink types can be used 

♦ Low thermal expansion 

♦ Electric field strength 
required (approx.3.5 V/fim) 
can be generated without 
difficulty 

♦ Does not require electrical 
poling 


♦ Low maximum strain (approx. 0.01%) 

♦ Large area required for actuator due to 
low strain 

♦ Response speed is marginal 10 fis) 

♦ High voltage drive transistors required 

♦ Full pagewidth print heads impractical 
due to actuator size 


♦ Seiko Epson, Usui et 
all JP 253401/96 

♦ IJ04 


Ferroelectric 


An electric field is used to induce a 
phase transition between the 
antiferroelectric (AFE)and 
ferroelectric (FE) phase. Perovskite 

ni/itpriak such k tin mnrlifipH Ipad 

lanthanum zirconate titanate 
(PLZSnT) exhibit large strains of up 
to 1% associated with the AFEtoFE 
phase transition. 


♦ Low power consumption 

♦ Many ink types can be used 

♦ Fast operation (<l[is) 

♦ Relatively high longitudinal 

otrciiti 

siidin 

♦ High efficiency 

♦ Electric field strength of 
around 3 V/p can be 
readily provided 


♦ Difficult to integrate with electronics 

♦ Unusual materials such as PLZSnT are 
required 

♦ Actuators require a large area 


♦ IJ04 i 


Electrostatic 
plates 


Conductive plates are separated by a 
compressible or nuid dielectric 
(usually air). Upon application of a 
voltage, the plates attract each other 
and displace ink, causing drop 
eiectinn The conductive nlafes mav 

vIvvUUlli 1 llv vVllUUvll TV L/IUlvJ "'^T 

be in a comb or honeycomb 
structure, or stacked to increase the 
surface area and therefore the force. 


♦ Low power consumption 

♦ Many ink types can be used 

♦ Fast operation 


♦ Difficult to operate electrostatic 
devices in an aqueous environment 

♦ The electrostatic actuator will normally 
need to be separated from the ink 

♦ Very large area required to achieve 
hi?h forces 

♦ High voltage drive transistors may be 
required 

♦ Full pagewidth print heads are not 
competitive due to actuator size 


♦ IJ02,IJ04 

1 
1 
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Electrostatic 
pull on ink 


A strong electric field is applied to 
tlie ink, whereupon electrostatic 

dllldlllUil dtlCICldlcS) inC IIIK lUWdlUS 

the print medimn. 


♦ Low current consumption 

♦ Low temperature 


♦ High voltage required 

♦ May be damaged by sparks due to air 

♦ Required field strength increases as the 
drop size decreases 

♦ High voltage drive transistors required 

♦ Electrostatic field attracts dust 


♦ 1989 Saitoetal, USP 
4,799,068 

f 1707 IVIIUld CI dl, 

USP 4,810,954 

♦ Tone-jet 


Permanent 
magnet 
electro- 
magnetic 


An electromagnet directly attracts a 
permanent magnet, displacing ink 
and causing drop ejection. Rare earth 
magnets with a field strength around 
1 Teslacan be used. Examples are: 
Samarium Cobalt (SaCo) and 
magnetic materials in the neodvmium 

niUbiiviiv iiiuivi lui J 111 iiiv iivuu J iiiiuiii 

iron boron family (NdFeB, 
NdDyFeBNb,NdDyFeB,etc) 


♦ Low power consumption 

♦ Many ink types can be used 

♦ Fast operation 

♦ High efficiency 

♦ Easy extension from single 
nozzles to pagewidth print 

h Art/1 fi 

neaos 


♦ Complex fabrication 

♦ Permanent magnetic material such as 
Neodymium Iron Boron (NdFeB) 
required, 

♦ High local currents required 

♦ Copper metalization should be used for 
luiig ciciiruiiiigrdiiuii iiiciinic anu low 
resistivity 

♦ Pigmented inks are usually infeasible 

♦ Operating temperature limited to the 
Curie temperature (around 540 K) 


♦ 1J07,IJ10 


Soft magnetic 
core electro- 
magnetic 


A solenoid induced a magnetic field 
in a soft magnetic core or yoke 
fabricated from a ferrous material 
such as electroplated iron alloys such 
as CoNiFe[l], CoFe, or NiFe alloys. 
Typically, the soft magnetic material 
is in two parts, which are normally 
held aoart bv a sorine When the 
solenoid is actuated, the two parts 
attract, displacing the ink. 


♦ Low power consumption 

♦ Many ink types can be used 

♦ Fast operation 

♦ High efficiency 

♦ Easy extension from single 
nozzles to pagewidth print 
heads 


♦ Complex fabrication 

♦ Materials not usually present in a 
CMOS fab such as NiFe, CoNiFe, or 
CoFe are required 

♦ High local currents required 

♦ Copper metalization should be used for 
long electromigration lifetime and low 

ICjlollVliy 

♦ Electroplating is required 

♦ High saturation flux density is required 
(2.0-2.1 T is achievable with CoNiFe 

[1]) 


♦ IJ01,IJ05,IJ08,U10 

♦ IJ12,U14,IJI5,1J17 

< 
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Magnetic 
Lorenz force 


The Lorenz force acting on a current 
carrying wire in a magnetic field is 
utilized, 

This allows the magnetic field to be 
supplied externally to the print head, 
for example with rare earth 
permanent magnets, 

Only the current carrying wire need 
be fabricated on the print-head, 
simplifying materials requirements. 


♦ Low power consumption 

♦ Many ink types can be used 

♦ Fast operation 

♦ High efficiency 

♦ Easy extension from single 
nozzles to pagewidth print 
heads 


♦ Force acts as a twisting motion 

♦ Typically, only a quarter of the 
solenoid length provides force in a 
useful direction 

♦ High local currents required 

♦ Copper metalization should be used for 
long electromigration lifetime and low 
resistivity 

♦ Pigmented inks are usually infeasible 


♦ IJ06,IJII,IJ13,IJ16 


Magneto- 
striction 


The actuator uses the giant 
magnetostrictive effect of materials 
suchasTerfenol-D(analloyof 

lerDiiiin, aysprosiuiTi alio iron 
developed at the Naval Ordnance 
Laboratory, hence Ter-Fe-NOL). For 
best efficiency, the actuator should 
be pre-stressed to approx.SMPa. 


♦ Many ink types can be used 

♦ Fast operation 

♦ Easy extension from single 
nozzies to pagewiain prim 
heads 

♦ High force is available 


♦ Force acts as a twisting motion 

♦ Unusual materials such as Terfenol-D 
are required 

♦ nign local currenis requireo 

♦ Copper metalization should be used for 
long electromigration lifetime and low 
resistivity 

♦ Pre-stressing may be required 


♦ Fischenbeck,USP 
4,032,929 

♦ IJ25 


Surface 
tension 
reduction 


Ink under positive pressure is held in 
a nozzle by surface tension. The 
surface tension of the ink is reduced 

hplnw fhp hiihhip thrp<!hnld pfliKiriu 

UvlvVY lilt UUUUlv UUVjHviU, VClU^Ill^ 

the ink to egress from the nozzle. 


♦ Low power consumption 

♦ Simple construction 

♦ No unusual materials 

rpfiiiirpd in fahrirfitinn 

IvUUlltU 111 ICIUI IvilllVil 

♦ High efficiency 

♦ Easy extension from single 
nozzles to pagewidth print 
heads 


♦ Requires supplementary force to effect 
drop separation 

♦ Requires special ink surfactants 

♦ Snppfl mav hp limitpd hv niirfactaiit 

properties 


♦ Silverbrook,EP0771 
658 A2 and related 
patent applications 
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Viscosity 


npi ' 1 * * J * 1 11 1 1 

The ink viscosity IS locally reduced 


♦ Simple construction 


♦ Requires supplementary force to effect 


♦ SilverDrook,EPO//l 


reduction 


to select which drops are to be 


♦ No unusual materials 


drop separation 


ojo M and related 




ejected. A viscosity reduction can be 


required in fabrication 


♦ Requires special ink viscosity 


patent applications 




acnievcQ cieciroiiicrniaiiy wiin inosi 


f easy extension irom smgie 


prupcnicii 






inlf(; hilt cnppiJil intc fan hp 
iiiNjj uui ^pctiai iiiNo tall Uv 


nr\77 PC to fiQffPwiflth r\rint 
iiUZ-iiiw III pagCWiULll pi nil 


A l-li(Tn cnppn IC HiffiPii ttn !ir'liiP\/A 
▼ nigii bpccu lb UllIllUll lU dllllcVc 






ensineered for a lOOi viscositv 

VlitKlilVVIvU Ivl Vi Ivvil tIJvVJIIj 


heads 


A Rpniiifpc ncpi htitifr inL' nrpcciirp 
T I\Cl|UIICj Ujtlllallllg lltK UlCobUIC 






reduction. 




♦ A high temperature difference 
(typically 80 degrees) is required 






nil dlUllJlll WdVC Is gCllCrdlcU dllU 


♦ Can ooerate without a 


♦ Comnlex drive circuitrv 

T wul IIUIVA. UM T V vll VUliI J 


4 1993 Hadimioeluet 




fnpiK^pd iinnn thp drnn pipptinn 

IuvUOjvu LIUUH Ulv UlvU v vvUUIl 


nozzle plate 


♦ Comnlex fabrication 

T VvlllUIVA lUL/i IVUUvIl 


al,EUP 550,192 | 




region. 




♦ Low efficiencv 

4 PooT pnntrni nf Hrnn nncitinn 

T rUUI tUllllUI Ul UiUU UU31UUII 

4 Pnnr pfintrnl nf rlrnn voIiiitip 

T ruui lUIIUUI Ul UlUU VUIUIIIC 


♦ 1993 Elrodetal,Eul 

572,220 


Tnermoelastic 


An actuator which relies upon 


4 1 C\\\i nnu/pr pnticiimntinn 
▼ LUW |JUWCi lUlliUlllUUUIl 


A rrfiPipnt C1/1I1PAIIC AnpfQtiAfi fpniiifpo o 

T Liiiticiii dqucuub upcfdiiun require!) d 


4 iin^ iifiQ iin 1118 


Dena aciuaior 


differential thermal expansion upon 


f ividny INK lypes tan oe useu 


thprtrifll inQiihtnr nn thp hnt qiVIp 

lllWlllldl lIljUICllUI UII llie IIUL jIUv 


A iiiQ inn ini ino 

f IJiV, IJZU, IJZl, uLL 




Inn p lipcit'inn' ic iicpH 
JUUIC IlCdllllg lb UbCU, 


? JlllipiC pidlldl idDnidiiun 


4 PorrnQinn nrpvpntinn pari hp rtiffipiilt 


A \x)\ 119/1 1197 ins 

f IJZj, IJZ/, IJZo 






f jmdii cnip dred rctjuirea lor 


4 PioiTipntpH inlc tnjiv hp infpucihlp jjc 
▼ rigiiiciiicu IIIN5 iiidy uc iiiicaaiuiC', do 


A liOQ inn ini 

f IJZ7, IJjU, UjI, UjZ 






each actuator 


pigment panicies may jam ine oena 


♦ IJ33, IJ34, IJ35, IJ36 






♦ Fast operation 


Qptiiatnr 


♦ IJ3/, IJ38 ,IJ39, IJ40 






♦ High efficiency 




♦ IJ41 






♦ LIVlUo compatible voltages 










and currents 










A Qfonndm N4P\4Q r\rAf»POCPC 
f OldllUdlU IVlLlVlj piUCt/istJo 










can be used 




< 






♦ Easy extension from single 










nozzles to pagewidth print 










heads 
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High CTE 


A material with a very high 


f nign rorce can oe generaieo 


♦ Requires special material (e.g. PTFE) 


A iiAfi iin 1110 iioA 
♦ lJUy, IJI/, IJIo, IJzU 


theimoelastic 


coefficient of thermal expansion 


♦ PTFE is a candidate for low 


♦ Requires a r 1 t^b deposition process, 


A ini M'^'^ II'^l W^A 

♦ 1J2I,IJ22,IJ23,IJ24 


actuator 


(Lib) such as 


ri 1 a 1 A AT*'1 A Art ATn fr>T 

Qieiectric constant 


which is not yet standard in ULSl fabs 


♦ 1J2], IJ28, IJ29, IJ30 




polytetrailuoroetnylene (F 1 rb) is 


insulation in ulm 


♦ PTFE deposition cannot be followed 


♦ IJ3I,IJ42, IJ43,IJ44 




used. As high CTE materials are 


♦ Very low power 


with high temperature (above 350 C) 






usually non-conductive, a heater 


consumption 


processing 






laDricaiea irom a conductive material 


♦ Many ink types can be used 


4 n' i. J ' 1 1 * r "11 

♦ Pigmented inks may be infeasible, as 






is incorporated, A 50 |im long PTFE 


T OUIIUK^ UlallCll laUllldllUM 


ni^mfiiit' nartirJp^i mav iam thp hpnd 






bend actuator with polysilicon heater 


4 StTi/ill r*hin iirpji rpniiirprl fc\r 

J Ollldll \f\nU dlCa IvUUIIwU lUI 


actuator 






and 15 mW power input can provide 


parh flrtiifitrir 




J 




180 force and 10 ^im deflection. 


T rdbl UpClallUll 




I 




Actuator motions include: 


♦ High efficiency 








1) Bend 


4 1 Mflx /^nnitiQfinlA \/Alf'QfT<ic 

f V^IVIUO lUilipdllDie VUlldgc!) 








Lj rusn 


and currents 

UlIU will 1 VlliO 








3) Buckle 


4 Ffl?v PYtPtiQinn frnm Qinolp 

▼ LCljY VAlVlljlUll IlUlll Mllgl^ 








nA77lpQ tn njiopwiHth nrint 








4) Rotate 


llPIlnC 

iivaUj 






Conductive 


A polymer With a high coenicientof 


A Mirth TAf/iQ /*on no ftanflfifii/i 

f nign rorce can oe generaiea 


A A/ll 1 1 I^Afi nnAAIAl t^ATAt*IAlA /I Al ; A 1 rtrttVt Atl^ 

f Kequires special materials oeveiopment 


A IH/l 

♦ IJz4 


polymer 


thermal expansion (such as PTFE) is 


A \/At*if Irtiir *\rtii/A** 

♦ very low power 


^nign L 1 c conouciive poiymerj 




thermoeiastic 


doped with conducting substances to 


consumption 


♦ Requires a PTFE deposition process, 




dUUdlOi 


lllllCajC lio lUllULllllVliy lU dUUUl J 


? IVIdliy IIIK lypCo Call UC UaCU 


whiph iQ not vpt standard in 1 II SI fah? 






nrnprc nf miifftiitiinp np r^w fnjit f\\ 
UiUwi J Ui IlldgllllUUC UCIUW llial Ul 


f oimpie pianar laDricaiion 


A PThP APnACitiAn PQtitiAt np ta aw/pH 

? r 1 re ucpubiiiuii tdiiiiuL uc luuuwcu 






copper. The conducting polymer 


f omaii cnip area requireo lor 


with hiffh temnerfitiirp ffihove ISO ^C) 






expands when resistively heated. 


each actuator 


processing 






Examples of conducting dopants 


♦ Fast operation 


4 FvanAffitinii nnn PVn npr^ncitinn 
▼ LVdUUidllUll dllU V U UCUUalUUIl 


1 




include: 


♦ High efficiency 


tpphniniips pflnnnt hp iKpd 






1) Carbon nanotubes 


♦ iMUb compatible voltages 


4 PitJmpntpd ink<\ mav hp infppi<iihlp 

▼ I IglllvlllvU llllxj IHuj Uv llll^ClDIUIvj (Xo 






and currents 


pigment particles may jam the bend 






2) Metal fibers 


♦ Easy extension from single 


actuator 






3) Conductive polymers such as 


nozzles to pagewidth print 








doped polythiophene 


heads 








4) Carbon granules 
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Shape memory 


A shape memory alloy such asTiNi 


♦ High force is available 


♦ Fatigue limits maximum number of 


♦ IJzo 


alloy 


/I 1 \t'j' i\f'ii 

(also known as Nitinol- Nickel 


(stresses of hundreds of 


cycles 






T'i ' II J 1 J i i-l 

Titanium alloy developed at the 


IVlrdj 


♦ Low strain (1%) is required to extend 






Naval Ordnance Laboratory) is 


♦ Large strain is available 


fatigue resistance 






tneriTiaiiy switcneo oetween its weaK 


^lilUlC llldll J/Oj 


♦ Cycle rate limited by heat removal 






tTiprtPii<jitir, <itfltp and ik hi^h <;tiffnp<;<! 


♦ Hitrh pnrrn<sinn rp<\i<;tfinrp 


T ^Cl|Ullcl> UllUaUdl IlldlCridb l^i llMj 






aiistenic state The shaoe of the 


♦ Siinnlp fon^striirtioti 


? 1 lie idiciii ncdi 01 lidnbiuriTiduun muai 






actuator in its martensitic state is 


♦ Fasv pxtpiidnii from qiiioIp 


hp nrnvidpd 

UlUV lUvU 






deformed relative to the austenic 


nozzles to oaeewidth orint 


4 Hi'oh Piirrpiit nnprjitinii 
T I iigii luiiviii uuwiauuii 






shape. The shape change causes 


heads 


4 Rpniiifpc r\rp ctrpccmrr tA nictArt" flip 

? ^ct|Ul^ci) prc-Micboing lu uisiun iiic 


1 

1 




ejection of a drop, 


4 I c\\\j vn tiiffp nnPMtirin 
? bUW VUlldgC UUCIdUUll 


manensiiic siaie 




Linear 


Linear magnetic actuators include the 


♦ Linear Magnetic actuators 


♦ Requires unusual semiconductor 


♦ IJ12 


Magnetic 


1' II j' ii i /tlA\ 

Lmear Induction Actuator (LIA), 


can De constructea witn 


materials sucn as son magnetic alloys 




Actuator 


Linear Permanent Magnet 


niftn fnftipf lAtlft fro\/ol 111/1 

nign inrusi, long iravei, ana 


(^e.g. toiNire [ijj 






Synchronous Actuator (LPMSA), 


nign eriiciency using pianar 


♦ Some varieties also require permanent 






Linear Reluctance Synchronous 


scmiconQucior Taoricaiion 


magnetic materials such as 






AUUdlUr ^LivjAjj Llllwdi oWllUlCU 


techniaues 


Npndvmiiim irnn hnrnn fNHFpR^ 






Reluctance Actuator (LSRA), and the 


♦ Long actuator travel is 


♦ Requires complex multi-phase drive 






Linear Stepper Actuator (LSA). 


available 


circuitry 








♦ Medium force is available 


♦ High current operation 








♦ Low voltage operation 
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Basic operation mode 



Operational 
mode 


Description 


Advantages 


Disadvantages 


Examples 


Actuator 
directly 
pushes ink 


This is the simplest mode of 
operation: the actuator directly 
supplies sufficient kinetic energy to 
expel the drop. The drop must have a 
sufficient velocity to overcome the 
surface tension. 


♦ Simple operation 

♦ No external fields required 

♦ Satellite drops can be 
avoided ifdrop velocity is 
less than 4 m/s 

♦ Can be efficient, depending 
upon the actuator used 


♦ Drop repetition rate is usually limited 
to less than 10 KHz. However, this is 
not fundamental to the method, but is 
related to the refill method normally 
used 

♦ All of the drop kinetic energy must be 
provided by the actuator 

♦ Satellite drops usually form ifdrop 
velocity is greater than 4,5 m/s 


♦ Thermal inkjet 

♦ Piezoelectric inkjet 

♦ IJOI,IJ02,IJ03,IJ04 

♦ IJ05,IJ06,IJ07,IJ09 

♦ IJll,IJI2,IJI4,lJI6j 

♦ IJ20,IJ22,IJ23,IJ2J 

♦ 1J25,IJ26,IJ27,1J28 

♦ 1J29,IJ30,IJ3I,IJ32 

♦ IJ33,IJ34,IJ35,IJ36 

♦ IJ37,IJ38,IJ39,IJ40 

♦ IJ4I,IJ42,IJ43,IJ44 


Prnvimitu 
r lUAiiMiiy 


TliP drnni tn hp nrinfpd arp ^plppfpd 

by some manner (e.g. thermally 
induced surface tension reduction of 
pressurized ink). Selected drops are 
separated from the ink in the nozzle 
by contact with the print medium or a 
transfer roller. 


♦ Very simple print head 
fabrication can be used 

♦ The drop selection means 
does not need to provide the 
energy required to separate 
the drop from the nozzle 


♦ Requires close proximity between the 
print head and the print media or 
transfer roller 

♦ May require two print heads printing 
alternate rows of the image 

♦ Monolithic color print heads are 
difficult 


♦ Silverbrook,EP077l 
658 A2 and related 
patent applications 


Electrostatic 
pull on ink 


The drops to be printed are selected 
by some manner (e.g. thermally 
induced surface tension reduction of 
pressurized ink). Selected drops are 
separated from the ink in the nozzle 
by a strong electric field. 


♦ Very simple print head 
fabrication can be used 

♦ The drop selection means 
does not need to provide the 
energy required to separate 
the drop from the nozzle 


♦ Requires very high electrostatic field 

♦ Electrostatic field for small nozzle 
sizes is above air breakdown 

♦ Electrostatic field may attract dust 


♦ Silverbrook,EP077L 
658 A2 and related 1 
patent applications 

♦ Tone-Jet 
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Magnetic pull 
on ink 


The drops to be printed are selected 
by some manner (e.g. thermally 
inaiiceu surface tension reouciion or 
pressurized ink), Selected drops are 
separated from the ink in the nozzle 
by a strong magnetic field acting on 
the magnetic ink, 


♦ Very simple print head 
fabrication can be used 

T 1 lie UlUp oClClllUII IllCallb 

does not need to provide the 
energy required to separate 
the drop from the nozzle 


♦ Requires magnetic ink 

♦ Ink colors other than black are difficult 

♦ Requires very nign magnetic iieios 


♦ Silverbrook,EP 0771 
658 A2 and related 

njitpnt annlipfltinn? 


Sliutter 


The actuator moves a shutter to block 
ink flow to the nozzle. The ink 
pressure is pulsed at a multiple of the 
drop ejection frequency. 


♦ High speed (>50 KHz) 
operation can be achieved 

HiiP ir\ rA^ll^^P/^ refill timp 

♦ Drop timing can be very 
accurate 

♦ The actuator energy can be 
very low 


♦ Moving parts are required 

♦ Requires ink pressure modulator 

♦ Friction and wear must be considered 

♦ Stiction is possible 


♦ IJ13,IJ17,IJ21 

J 

1 


Shuttered grill 


The actuator moves a shutter to block 
ink flow through a grill to the nozzle. 
The shutter movement need only be 
equal to the width ofthe grill holes. 


♦ Actuators with small travel 

pon hp llQPrI 
Idll Ut UotU 

♦ Actuators with small force 
can be used 

♦ High speed (>50 KHz) 
operation can be achieved 


♦ Moving parts are required 

f ixequires ihk pressure mouuiaior 

♦ Friction and wear must be considered 

♦ Stiction is possible 


♦ IJ0UJ15,IJ18JJI9 


Pulsed 

mofinotir null 
iiidyiiuitu |JUM 

on ink pusher 


A pulsed magnetic field attracts an 

'ink niKlipr' thp rlrnn Pipptinn 
lll^ uujIivi di lilt uiuu viviuuii 

frequency. An actuator controls a 
catch, which prevents the ink pusher 
from moving when a drop is not to 
be ejected. 


♦ Extremely low energy 
operation is possible 

♦ No heat dissipation 
problems 


♦ Requires an external pulsed magnetic 
field 

♦ Requires special materials for both the 
actuator and the ink pusher 

♦ Complex construction 


♦ IJIO 
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Auxiliary mechanism (applied to all nozzles) 



Auxiliary 
Mechanism 


Description 


Advantages 


Disadvantages 


Examples 


Mono 


Thp flptiiJifr^r Hirprtlu firpc thp I'nt 

1 lit' allUdlUI UIKtUY \U\jj IIIC IIIK 

drop, and there is no external field or 
other mechanism required. 


♦ Simplicity of construction 

♦ Simplicity of operation 

♦ Small physical size 


♦ Drop ejection energy must be supplied 
by individual nozzle actuator 


♦ Most inkjets, 
including 
piezoelectric and 
thermal bubble. 

♦ 1J0MJ07,1J09,IJI| 

♦ IJ12,IJ14,IJ20,IJ2i 

♦ 1J23-IJ45 


Oscillating ink 
pressure 

(including 

acoustic 

stimulation) 


The ink pressure oscillates, providing 
much ofthe drop ejection energy. 

1 lie actuator selects wnicn arops are 
to be fired by selectively blocking or 
enabling nozzles. The ink pressure 
oscillation maybe achieved by 
vibrating the print head, or preferably 
by an actuator in the ink supply. 


♦ Oscillating ink pressure can 
provide a refill pulse, 

flllowinf^ hiirhpr nnpratititJ 

ClIlvVVIIlL lUgllvl UUvlClUIlc. 

speed 

♦ The actuators may operate 
with much lower energy 

♦ Acoustic lenses can be used 
to focus the sound on the 
nozzles 


♦ Requires external ink pressure 
oscillator 

f IIIK prCbbUlC pitddC dllU dllipillUUw IIIUM 

be carefully controlled 

♦ Acoustic reflections in the ink chamber 
must be designed for 


♦ Silverbrook,EP0771 
658 A2 and related 

njitpnt f^nnliratifin^; 

Udlvlll ClUUIIvClUvllJ 

♦ IJ08,IJ13,IJI5,IJ17 

♦ IJlUil9,IJ2l 


Media 
proximity 


The print head is placed in close 
proximity to the print medium. 
Selected drops protrude from the 
print head further than unselected 
drops, and contact the print medium. 
The drop soaks into the medium fast 
enough to cause drop separation. 


♦ Low power 

♦ High accuracy 

♦ Simple print head 
construction 


♦ Precision assembly required 

♦ Paper fibers may cause problems 

♦ Cannot print on rough substrates 


.♦Silverbrook,EP077l 
658 A2 and related 
patent applications ^ 
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Transfer roller 


Drops are printed to a transfer roller 
instead of straiglit to tlie print 
medium. A transfer roller can also be 
used for proximity drop separation. 


♦ High accuracy 

♦ Wide range of print 
substrates can be used 

♦ Ink can be dried on the 
transfer roller 


♦ Bulky 

♦ Expensive 

♦ Complex construction 


♦ Silverbrook,EP 077l 
m M and related 
patent applications 

♦ Tektronix hot melt 
piezoelectric Inkjet 

▼ Any 01 uic ij series 


Electrostatic 


An electric field is used to accelerate 
selected drops towards the print 
medium. 


♦ Low power 

♦ Simple print head 
construction 


♦ Field strength required for separation 
of small drops is near or above air 
breakdown 


♦ Silverbrook,EP0771 
658 A2 and related 
patent applications ^ 

f Tone-Jet ■ 


Direct 

magnetic field 


A magnetic field is used to accelerate 
selected drops of magnetic \vk 
towards the print medium. 


♦ Low power 

♦ Simple print head 
construction 


♦ Requires magnetic ink 

♦ Requires strong magnetic field 


♦ Silverbrook,EP077r 
658 A2 and related 
patent applications 


Cross 

magnetic field 


The print head is placed in a constant 
magnetic field. The Lorenz force in a 
current carrying wire is used to move 
the actuator, 


♦ Does not require magnetic 
materials to be integrated in 
the print head 
manufacturing process 


♦ Requires external magnet 

♦ Current densities may be high, 
resulting in electromigration problems 


♦ IJ06,1J16 


magnetic field 


A nil cpn mjifrnptip tip n ic iicpn fn 
n UUIoCU llla^ilCLIl IICIU \i uoW lU 

cyclically attract a paddle, which 
pushes on the ink. A small actuator 
moves a catch, which selectively 
prevents the paddle from moving. 


♦ Very low power operation is 
possible 

♦ Small print head size 


♦ Complex print head construction 

♦ Magnetic materials required in print 
head 


♦ IJIO 
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Actuator amplification or modification method 



Actuator 
ainplification 


Description 


Advantages 


Disadvantages 


Examples 


None 


No actuator mechanical amplification 
is used.The actuator directly drives 
the drop ejection process. 


♦ Operational simplicity 


♦ Many actuator mechanisms have 
insufficient travel, or insufficient force, 
to efficiently drive the drop ejection 
process 


♦ Thermal Bubble 
Inkjet 

♦ IJ01,IJ02,IJ06,IJ0] 

♦ IJ16,IJ25,IJ26 


Differential 
expansion 
bend actuator 


An actuator material expands more 
on one side tlian on the other. The 
expansion may be thermal, 
piezoelectric, magnetostrictive,or 
other mechanism. 


♦ Provides greater travel in a 
reduced print head area 

♦ The bend actuator converts 
a high force low travel 
actuator mechanism to high 
travel, lower force 
mechanism. 


♦ High stresses are involved 

♦ Care must be taken that the materials 
donotdelaminate 

♦ Residual bend resulting from high 
temperature or high stress during 
formation 


♦ Piezoelectric 

♦ IJ03,IJ09,Hi™l 

♦ IJ27,IJ29-IJ39,IJ42^ 

♦ IJ43,IJ44 


Transient bend 
actuator 


A trilayer bend actuator where the 
two outside layers are identical. This 
cancels bend due to ambient 
temperature and residual stress. The 
actuator only responds to transient 
heatine of one side or the other 


T very gooQ lemperaiure 
Stability 

♦ High speed, as a new drop 
can be fired before heat 
dissipates 

♦ Cancels residual stress of 
formation 


T mgn Stresses are invoiveo 
♦ Care must be taken that the materials 
donotdelaminate 




Actuator stack 


A series of thin actuators are stacked. 
This can be appropriate where 
actuators require high electric field 
strength, such as electrostatic and 
piezoelectric actuators. 


♦ Increased travel 

♦ Reduced drive voltage 


♦ Increased fabrication complexity 

♦ Increased possibility of short circuits 
due to pinholes 


♦ Some piezoelectric 
ink jets j 

♦ IJ04 1 


Multiple 
actuators 


Multiple smaller actuators are used 
simultaneously to move the ink. Each 
actuator need provide only a portion 
ofthe force required. 


♦ Increases the force available 
from an actuator 

♦ Multiple actuators can be 
positioned to control ink 
flow accurately 


♦ Actuator forces may not add linearly, 
reducing efficiency 


♦ IJI2,IJ13,ni8,IJ20 

♦ IJ22,IJ28,IJ42,IJ43 
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Linear opring 


A linear spring is used to transform a 
motion with small travel and high 
force into a longer travel, lower force 
motion, 


▼ ividltlica luw lldVwl uClUalUI 

with higher travel 
requirements 
♦ Non-contact method of 
motion transformation 


4 nf^^iiirpc nnnt hptin (irpQ mi* thp cnriiitY 

T ixcijuiicb priiii iicdu died lur iiic spring 


4 III'; 


Reverse spring 


The actuator loads a spring. When 
the actuator is turned off, the spring 

rfilfiji'ips Thi? can reveK? thp 

iwiviiovj, 1 iiij vail ivvvi jv uiw 

force/distance curve of the actuator 
to make it compatible with the 
force/time requirements of the drop 
ejection. 


♦ Better coupling to the ink 


♦ Fabrication complexity 

♦ High stress in the spring 


♦ IJ05,IJ11 

( 


Coiled 
actuator 


A bend actuator is coiled to provide 
greater travel in a reduced chip area. 


♦ Increases travel 

♦ Reduces chip area 

♦ Planar implementations are 
relatively easy to fabricate. 


♦ Generally restricted to planar 
implementations due to extreme 
fabrication difficulty in other 
orientations. 


♦ IJI7,IJ21,IJ34,1J35 


Flexure bend 
actuator 


A bend actuator has a small region 
near the fixture point, which flexes 
much more readily than the 
remainder of the actuator The 

IVIMUIIIUvl \Ji Ulv UviUUlV/l • 1 llv 

actuator flexing is effectively 
converted from an even coiling to an 
angular bend, resulting in greater 
travel ofthe actuator tip, 


♦ Simple means of increasing 
travel ofa bend actuator 


♦ Care must be taken not to exceed the 
elastic limit in the flexure area 

♦ Stress distribution is very uneven 

♦ Difficult tf) iiratpiv mndpl with finitp 

T L/lll IVUll Iv (IvvUIUlvl J lllVUvl TVllll lllllw 

element analysis 


♦ IJ10,IJ19,IJ33 


Gears 


Gears can be used to increase travel 
at the expense of duration. Circular 
gears, rack and pinion, ratchets, and 
other gearing methods can be used. 


♦ Low force, low travel 
actuators can be used 

♦ Can be fabricated using 
standard surface MEMS 
processes ■ 


♦ Moving parts are required 

♦ Several actuator cycles are required 

♦ More complex drive electronics 

♦ Complex construction 

♦ Friction, friction, and wear are possible 


♦ IJ13 1 
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Catch 


The actuator controls a small catch. 
The catch either enables or disables 
movement of an ink pusher that is 
controlled in a bulk manner, 


♦ Very low actuator energy 

♦ Very small actuator size 


♦ Complex construction 

♦ Requires external force 

♦ Unsuitable for pigmented inks 


♦ IJIO 


Buckle plate 


A buckle plate can be used to change 
a slow actuator into a fas! motion. It 
can also convert a high force, low 
travel actuator into a hish travel 

medium force motion. 


♦ Very fast movement 

acnievaDie 


♦ Must stay within elastic limits of the 
materials for long device life 

♦ High stresses involved 

♦ npnprallv hiVh nowpr rpniiirpiTipnt 

T VJvilvlCllly Mlgll UvVYVI t vUUII vlllvlll 


♦ S. Hirataetal,"An 
Ink-jet Head ... , 
Proc. IEEE MEMS, 
Feb. 1996, pp 418- 
423. 

HJI8,IJ27. 1 


Tapered 
magnetic pole 


A tapered magnetic pole can increase 
travel at the expense offeree. 


♦ Linearizes the magnetic 
force/distance curve 


♦ Complex construction 


♦ IJI4 


Lever 


A lever and fulcrum is used to 
transiorin a motion witn small iravei 
and high force into a motion with 
longer travel and lower force. The 
lever can also reverse the direction of 
travel 


♦ Matches low travel actuator 

with hiffhpr travpl 

Willi lllgllvl ItClVvl 

requirements 

♦ Fulcrum area has no linear 
movement, and can be used 
for a fluid seal 


♦ High stress around the fulcrum 


♦ IJ32,IJ36,IJ37 


Rotary 
impeller 


The actuator is connected to a rotary 
impeller. A small angular deflection 
of the actuator results in a rotation of 
the impeller vanes, which push the 
ink against stationary vanes and out 
of the nozzle 


♦ High mechanical advantage 
? 1 lie rdiiu ui luric vj iidvci 
ofthe actuator can be 
matched to the nozzle 
requirements by varying the 
number of impeller vanes 


♦ Complex construction 

f unbuiidDic lUi pigiiicnicu iiiko 


♦ IJ28 

i 


Acoustic lens 


A refractive,or diffractive (e.g, zone 
plate) acoustic lens is used to 
concentrate sound waves, 


♦ No moving parts 


♦ Large area required 

♦ Only relevant for acoustic ink jets 


♦ l993 Hadimiogluet 
al,EUP 550,192 

♦ l993 Elrodetal,EUP 
572220 


Sharp 

conductive 

point 


A sharp point is used to concentrate 
an electrostatic field. 


♦ Simple construction 


♦ Difficult to fabricate using standard 
VLSI processes for a surface ejecting 
ink-jet 

♦ Only relevant for electrostatic ink jets 


♦ Tone-jet 
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Actuator MOTION 



Actuator 
motion 


Descriotion 


Advantanes 




LACIIMpiwg 


Volume 
expansion 


The volume of the actuator changes, 
pushing the ink in all directions. 


♦ Simple construction in the 
case of thermal ink jet 


♦ High energy is typically required to 
achieve volume expansion. This leads 
to thermal stress, cavitation, and 
kogation in thermal Inkjet 
implementations 


♦ Hewlett-Packard 
Thermal Inkjet 

♦ Canon Bubbleiet 


Linear, normal 
to chip surface 


The actuatormoves in a direction 
normal to the print head surface. The 
nozzle is typically in the line of 
movement. 


♦ Efficient coupling to ink 
drops ejected normal to the 
surface 


♦ High fabrication complexity may be 
required to achieve perpendicular 
motion 


♦ IJOI,IJ02,IJ04,IJol 

♦ IJ11,IJ14 ^ 


Linear, parallel 
to chip surface 


The actuatormoves parallel to the 
print head surface. Drop ejection 
may still be normal to the surface. 


♦ Suitable for planar 
fabrication 


♦ Fabrication complexity 

♦ Friction 

♦ Stiction 


♦ IJ12,IJ13,IJI5,IJ33, 

♦ IJ34,1J35,1J36 


Membrane 
push 


An actuator with a high force but 
small area is used to push a stiff 
membrane that is in contact with the 
ink. 


♦ The effective area of the 
actuator becomes the 
membrane area 


♦ Fabrication complexity 

♦ Actuator size 

♦ Difficulty of integration in a VLSI 
process 


♦ 1982 HowkinsUSP 
4,459,601 


Rotary 


The actuator causes the rotation of 
some element, such a grill or 
impeller 


♦ Rotary levers may be used 
to increase travel 

♦ Small chip area 
requirements 


♦ Device complexity 

♦ May have friction at a pivot point 


♦ IJ05,IJOMJ13,IJ28 

( 


Bend 


The actuator bends when energized. 
This may be due to differential 
thermal expansion, piezoelectric 
expansion, magnetostriction, or other 
form of relative dimensional change. 


♦ A very small change in 
dimensions can be , 
converted to a large motion, 


♦ Requires the actuator to be made from 
at least two distinct layers, or to have a 
thermal difference across the actuator 


♦ 19]0KyseretalUSP 
3,946,398 

♦ 19]3StemmeUSP 
3,747,120 

♦ IJ03,IJ09,IJ10,IJ19 

♦ IJ23,IJ24,IJ25,IJ29 

♦ IJ30,IJ31,IJ33,IJ34 

♦ 035 
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OWIVcl 


1 lie dULidlOr SWlVtlS aiOLIliQ a Cclliral 

pivot. This motion is suitable where 
there are opposite forces applied to 
ODDOsite sides of the naddle ee 
Lorenz force. 


♦ Allows oneration where the 
net linear force on the 
paddle is zero 

♦ Small chip area 
requirements 


♦ InfiffirJpnt rniinliiKJ to thp ink mntlnn 


» 1106 

T IJvU 


Straighten 


The actuator is normally bent, and 
straightens when energized. 


♦ Can be used with shape 
memory alloys where the 
austenic phase is planar 


♦ Requires careful balance of stresses to 
ensure that the quiescent bend is 
accurate 


♦ 1J26,1J32 


iJouDie Denci 


The actuator bends in one direction 
when one element is energized, and 
bends the other way when another 

pIptTiPiit is pnproiypH 

eieilieill \j WllvlglZiCU. 


T \J1IC dllUdLUI Idll UC UbCU lU 

power two nozzles. 
♦ Reduced chip size. 

4 Nnt cpncitivp \r\ Qmhipnt 
T nui jwIlMLIVC lU dlllUlCIlL 

temperature 


f uiiiiiuii 10 iTidKc me urops cjecieQ oy 

both bend directions identical. 
♦ A small efficiency loss compared to 

pfiiiivalptit sinolp hpiifl flpfii/itors 


4 \\u mi inji 

f IJjO, iJj/, IJjo A 


Shear 


Energizing the actuator causes a 
shear motion in the actuator material. 


♦ Can increase the effective 
travel of piezoelectric 
actuators 


♦ Not readily applicable to other actuator 
mechanisms 


♦ 1985 FishbeckUSP 
4,584,590 


Radial 
constriction 


The actuator squeezes an ink 
reservoir, forcing ink from a 
constricted nozzle, 


♦ Relatively easy to fabricate 
single nozzles from glass 
tubing as macroscopic 
structures 


♦ High force required 

♦ Inefficient 

♦ Difficult to integrate with VLSI 

UlUvvJJvj 


♦ 1970ZoltanUSP 
3,683,212 


Coil /uncoil 


A coiled actuator uncoils or coils 
more tightly, The motion of the free 

pun />f thp aMiioMr piP(^to thp ml' 
CIIU 01 IIIC dUUdlUr CJCClj IIIC lIlN, 


♦ Easy to fabricate as a planar 
VLSI process 

4 Srri/ill iirpji rpniiirpH 

therefore low cost 


♦ Difficult to fabricate for non-planar 
devices 

4 Pnnr riiit-fif-nlflnp QtiffnpQQ 


♦ 1J1?,1J2I,1J34,IJ35 

♦ 1J16,1J1MJ27 ^ 


Bow 


The actuator bows (or buckles) in the 
middle when energized. 


♦ Can increase the speed of 
travel 

♦ Mechanically rigid 


♦ Maximum travel is constrained 

♦ High force required 




Push-Pull 


Two actuators control a shutter. One 
actuator pulls the shutter, and the 
other pushes it. 


♦ The structure is pinned at 
both ends, so has a high out- 
of-plane rigidity 


♦ Not readily suitable for inkjets which 
directly push the ink 


♦ 1JI8 
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Curl inwards 


A set of actuators curl inwards to 
reduce the volume of ink that they 
enclose. 


♦ Good fluid flow to the 
region behind the actuator 
increases efficiency 


♦ Design complexity 


♦ IJ20,IJ42 


Curl outwards 


A set of actuators curl outwards, 
pressurizing ink in a chamber 
surrounding the actuators, and 
expelling ink from a nozzle in the 
chamber, 


♦ Relatively simple 
construction 


♦ Relatively large chip area 


♦ IJ43 


Iris 


Multiple vanes enclose a volume of 
ink, These simultaneously rotate, 
reducing the volume between the 
vanes. 


♦ High efficiency 

♦ Small chip area 


♦ High fabrication complexity 

♦ Not suitable for pigmented inks 


♦ IJ22 ^ 


Acoustic 
vibration 


The actuator vibrates at a high 
frequency, 


♦ The actuator can be 
physically distant from the 
ink 


♦ Large area required for efficient 
operation at useful frequencies 

♦ Acoustic coupling and crosstalk 

♦ Complex drive circuitry 

♦ Poor control ofdrop volume and 
position 


♦ l993 Hadimiogluet 
al,EUP 550,192 

♦ 1993 Elrodetal,EUP 
572,220 


None 


In various Inkjet designs the actuator 
does not move. 


♦ No moving parts 


♦ Various other tradeoffs are required to 
eliminate moving parts 


♦ Silverbrook,EP077l 
658 A2 and related 
patent applications 

♦ Tone-jet 



f 
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Nozzle REFILL METHOD 



Nozzle refill 
method 


Description 


Advantages 


Disadvantages 


Examples 


tension 


Affpr af^tiiJitnr ic ptipcdiypn it 

typically returns rapidly to its normal 
position. This rapid return sucks in 
air through the nozzle opening. The 
ink surface tension at the nozzle then 
exerts a small force restoring the 
meniscus to a minimum area. 


♦ Fabrication simplicity 

♦ Operational simplicity 


♦ Low sDced 

♦ Surface tension force relatively small 
compared to actuator force 

♦ Long refill time usually dominates the 
total repetition rate 


♦ Thermal inkiet 

♦ Piezoelectric Inkjet 

♦ IJ01-1J07,1J10-IJ14 

♦ IJ16,IJ20,IJ22-IJ45 


Shuttered 
oscillating ink 
pressure 


Ink to the no77le chamber is 
provided at a pressure that oscillates 
at twice the drop ejection frequency. 
When a drop is to be ejected, the 
shutter is opened for 3 half cycles: 
drop ejection, actuator return, and 
refill, 


♦ High speed 

♦ Low actuator energy, as the 
actuator need only open or 
close the shutter, instead of 
ejecting the ink drop 


♦ Requires common ink pressure 
oscillator 

♦ May not be suitable for pigmented inks 


♦ IJ0UJI3,IJI5,IJ17 

♦ IJIMil9,IJ2l 




Aftfrthp main artiiatrir ha? pipotpd n 

drop a second (refill) actuator is 
energized. The refill actuator pushes 
ink into the nozzle chamber. The 
refill actuator returns slowly, to 
prevent its return from emptying the 
chamber again. 


♦ High speed, as the nozzle is 
actively refilled 


♦ Requires two independent actuators per 
nozzle 


♦ IJ09 


Positive ink 
pressure 


The ink is held a slight positive 
pressure. After the ink drop is 
ejected, the nozzle chamber fills 
quickly as surface tension and ink 
pressure both operate to refill the 
nozzle. 


♦ High refill rate, therefore a 
high drop repetition rate is 
possible 


♦ Surface spill must be prevented 

♦ Highly hydrophobic print head surfaces 
are required 


♦ Silverbrook,EP0771 
658 A2 and related 
patent applications 

♦ Alternative for: 

♦ IJ01-1J07,IJ10-IJ14 

♦ IJI6,IJ20,IJ22-IJ45 
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Method of restricting back-flow through inlet 



Inlet back-flow 

restriction 

method 


Description 


Advantages 


Disadvantages 


Examples 


Long inlet 
channel 


The ink inlet channel to the nozzle 
chamber is made long and relatively 
narrow, relying on viscous drag to 
reduce inlet back-flow, 


♦ Design simplicity 

♦ Operational simplicity 

♦ Reduces crosstalk 


♦ Restricts refill rate 

♦ May result in a relatively large chip 
area 

♦ Only partially effective 


♦ Thermal inkjet 

♦ Piezoelectric inkjet 

♦ IJ42,IJ43 1 


Positive Ink 
pressure 


The ink is under a positive pressure, 
so that in the quiescent state some of 
the ink drop already protrudes from 
the nozzle, 

This reduces the pressure in the 
nozzle chamber which is required to 
eject a certain volume of ink. The 
reduction in chamber pressure results 
in a reduction in ink pushed out 
through the inlet. 


♦ Drop selection and 
separation forces can be 
reduced 

♦ Fast refill time 


♦ Requires a method (such as a nozzle 
rim or effective hydrophobizing, or 
both) to prevent flooding of the 
ejection surface of the print head. 


♦ Silverbrook,EP07?l 
658 A2 and related 
patent applications 

♦ Possible operation of 
the following: 

♦ IJ0I-1J07,IJ09-IJI2 

♦ IJI4,IJI6,IJ20,1J22, 

♦ IJ23-IJ34,IJ36-IJ4I 

♦ IJ44 


Raffia 
Ddllie 


lino At* inrtfo nQTilop Qfo nlo/^on in fho 

une or more Ddiiies are pidceo m ine 
inlet ink flow. When the actuator is 
energized, the rapid ink movement 
creates eddies which restrict the flow 
through the inlet. The slower refill 
process is unrestricted, and does not 
result in eddies. 


♦ The refill rate is not as 

T 1 llv 1 Villi 1 UkV tlW **w 

restricted as the long inlet 
method, 

♦ Reduces crosstalk 


♦ Desisn comolexitv 

♦ May increase fabrication complexity 
(e,g, Tektronix hot melt Piezoelectric 
print heads), 


♦ HP Thermal Ink Jet 

T III lllVlillUI lllllvVk 

♦ Tektronix 


Flexible flap 
restricts inlet 


In this method recently disclosed by 
Canon, the expanding actuator 
(bubble) pushes on a flexible flap 
that restricts the inlet. 


♦ Significantly reduces back- 
flow for edge-shooter 
thermal inkjet devices 


♦ Not applicable to most inkjet 
configurations 

♦ Increased fabrication complexity 

♦ Inelastic deformation of polymer flap 
results in creep over extended use 


♦ Canon 
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Inlet filter 


A filter is located between the ink 
inlet and the nozzle chamber. The 
filter has a multitude of small holes 
or slots, restricting ink flow. The 
filter also removes particles which 
may block the nozzle. 


♦ Additional advantage of ink 

UllldUUIl 

♦ Ink filter may be fabricated 
with no additional process 
steps 


♦ Restricts refill rate 

♦ May result in complex construction 


♦ IJ04,IJ12,IJ24,IJ27 
▲ ino II1A 


Small inlet 
compared to 
nozzle 


The ink inlet channel to the nozzle 
chamber has a substantially smaller 
cross section than that of the nozzle, 
resulting in easier ink egress out of 
the nozzle than out of the inlet. 


4 npCKTH ClITin IPltv 
▼ L/Colgli jiiliUllllLy 


4 Rpctripk r'pfill riifp 
T IxColl lllo Ivllll idvO 

♦ May result in a relatively large chip 
area 

♦ Only partially effective 


4 lift? 1117 1144 


Inlet shutter 


A secondary actuator controls the 
position ofa shutter, closing off the 
ink inlet when the main actuator is 
energized. 


♦ Increases speed ofthe ink- 
jet print head operation 


♦ Requires separate refill actuator and 
drive circuit 


♦ IJ09 


The inlet is 

InrotoH hohinH 
lUUdluU UulllllU 

the ink- 
pushing 
surface 


The method avoids the problem of 

inlpf h{ipk-f!nw hv Jirranoitio thp ink- 
iiiiwi udtN'iiuw uj ciiidiigiiig iiiv ill^ 

pushing surface of tlie actuator 
between the inlet and the nozzle, 


♦ Back-flow problem is 
eliminated 


♦ Requires careful design to minimize 
the negative pressure behind the paddle 


♦ IJ01,IJ03JJ05,IJ06 

♦ IJ07 IJIO IJll IJI4 

♦ IJ16,IJ22,IJ23,IJ25 

♦ IJ28,IJ3I,IJ32,IJ33 

♦ IJ34,IJ35,IJ36,IJ39 

♦ IJ40,IJ41 


Part of the 
actuator 
moves to shut 
off the inlet 


The actuator and a wall of the ink 
chamber are arranged so that the 
motion ofthe actuator closes off the 
inlet, 


♦ Significant reductions in 
back-flow can be achieved 

♦ Compact designs possible 


♦ Small increase in fabrication 
complexity 


♦ 1J07,IJ20,IJ26,IJ38 


Nozzle 

actuator does 
noi resuii in 
ink back-flow 


In some configurations of ink jet, 
there is no expansion or movement 
w dii dciudlur wiiiui iiidy cdusc iiik 
back-flow through the inlet. 


♦ Ink back-flow problem is 
eliminated 


♦ None related to ink back-flow on 
actuation 


♦ Silverbrook,EP0?7l 
658 A2 and related 
patent applications 

♦ Valve-jet 

♦ Tone-jet 

♦ IJ08,IJ13,IJ15,IJI7 

♦ 1J18,IJ19,IJ21 
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Nozzle Clearing Method 



Nozzle 

Clearing 

method 


Description 


Advantages 


Disadvantages 


Examples 


Normal nozzle 
firing 


All of the nozzles are fired 
periodically, before the ink has a 
chance to dry. When not in use the 
nozzles are sealed (capped) against 
air, 

The nozzle firing is usually 
performed during a special clearing 
cycle, after first moving the print 
head to a cleaning station. 


♦ No added complexity on the 
print head 


♦ May not be sufficient to displace dried 
ink 


♦ Most Inkjet systems 

♦ IJOMJ07,IJ09-IJI2 

♦ IJ14,IJ1MJ20,IJ22 

♦ IJ23-IJ34,IJ36-IJ45 

i 


Extra power to 
ink heater 


In systems which heat the ink, but do 
not boil it under normal situations, 
nozzle clearing can be achieved by 
over-powering the heater and boiling 
ink at the nozzle. 


♦ Can be highly effective if 
the heater is adjacent to the 
nozzle 


♦ Requires higher drive voltage for 
clearing 

♦ May require larger drive transistors 


♦ Silverbrook,EP077l 
658 A2 and related 
patent applications 


Ranid 

l\CII/IU 

succession of 

actuator 

pulses 


The actuator is fired in ranid 

1 IIV UVIUUIUI IJ IIIVU 111 lupiu 

succession. In some configurations, 
this may cause heat build-up at the 
nozzle which boils the ink, clearing 
the nozzle. In other situations, it may 
cause sufficient vibrations to 
dislodge clogged nozzles. 


♦ Does not require extra drive 
circuits on the print head 

♦ Can be readily controlled 
and initiated by digital logic 


♦ Effectiveness depends substantially 
upon the configuration of the Inkjet 
nozzle 


♦ May be used with: 

♦ IJ01-IJ07,IJ09-IJI1 

♦ IJI4,IJI6,IJ20,IJ22 

♦ IJ23-IJ25,IJ27-IJ34 

♦ IJ36-IJ4S 1 


Extra power to 
ink pushing 
actuator 


Where an actuator is not normally 
driven to the limit of its motion, 
nozzle clearing may be assisted by 
providing an enhanced drive signal to 
the actuator. 


♦ A simple solution where 
applicable 


♦ Not suitable where there is a hard limit 
to actuator movement 


♦ May be used with: 

♦ IJ03,IJ09,IJI6,IJ20 

♦ IJ23,IJ24,IJ25,IJ27 

♦ IJ29,IJ30,IJ3I,IJ32 

♦ IJ39,IJ40,IJ4I,IJ42 

♦ IJ43,IJ44,IJ45 
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Acoustic 
resonance 


All ultrasonic wave is applied to the 
ink chamber. This wave is of an 
appropriate amplitude and frequency 
to cause sufficient force at the nozzle 
to clear blockages. This is easiest to 
achieve ifthe ultrasonic wave is at a 
resonant frequency of the ink cavity. 


♦ A high nozzle clearing 
capability can be achieved 

f May DC impiemenieo ai 
very low cost in systems 
which already include 
acoustic actuators 


♦ High implementation cost if system 
does not already include an acoustic 

dllUdlUl 


♦ IJ0MJ13,IJ15,IJI7 

♦ IJI8,1JI9,IJ21 


Nozzle 

clearing plate 


A microfabricated plate is pushed 
against the nozzles. The plate has a 
post for every nozzle. The array of 
posts 


4 pHti c\?/iT dpvprplv plfiQOPfl 
f vciii ti&di jCVvitiy iiuttcu 

nozzles 


4 Appiintp mppnQniP!! a ifrnmpnt ic 
? AllUldlC lilClildlllldl allglllllClll lb 

required 

♦ Moving parts are required 

♦ There is risk of damage to the nozzles 

♦ Accurate fabrication is required 


4 Silvprhmnk FPn771 
▼ jllVClUlUUK, LI u/ / 1 

658 A2 and related 
patent applications J 


Ink pressure 
pulse 


The pressure of the ink is temporarily 
increased so that ink streams from all 
of the nozzles. This may be used in 
conjunction with actuator energizing. 


♦ May be effective where 
other methods cannot be 
used 


♦ Requires pressure pump or other 
pressure actuator ' 

♦ Expensive 

♦ Wasteful of ink 


♦ May be used with all 
I J series ink jets 


rrini neaa 
wiper 


ATiexiDie Diaae is wipeo across tne 
print head surface. The blade is 
usually fabricated from a flexible 
polymer, e.g. rubber or synthetic 
elastomer. 


i Rfffictivp for nhnjir nrint 

T L/llvtllW lUl UlCllldl Ullltl 

head surfaces 
♦ Low cost 


♦ Difficult tft if nrint hpad Qiirfiipp i< 

non-planar or very fragile 

♦ Requires mechanical parts 

♦ Blade can wear out in high volume 
print systems 


4 M/inv ink iff QVQtptn? 


Separate ink 
boiling heater 


A separate heater is provided at the 
nozzle although the normal drope- 

pptir\n tuprliJiniciTi Hnpc nnt rpniiirp it 
ClllUII IllCtllClillolll UUCj ilUl ICUUIIC 11. 

The heaters do not require individual 
drive circuits, as many nozzles can 
be cleared simultaneously, and no 
imaging is required. 


♦ Can be effective where 
other nozzle clearing 
methods cannot be used 

♦ Can be implemented at no 
additional cost in some 
Inkjet configurations 


♦ Fabrication complexity 


♦ Can be used with 
many IJ series ink 
lets m 



I 
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Nozzle PLATE CONSTRUCTION 



Nozzle plate 
construction 


Description 


Advantages 


Disadvantages 


Examples 


Electroformed 
nickel 


A nozzle plate is separately 
fabricated from electroformed nickel, 
and bonded to the print head chip. 


♦ Fabrication simplicity 


♦ High temperatures and pressures are 
required to bond nozzle plate 

♦ Minimum thickness constraints 

♦ Differential thermal expansion 


♦ Hewlett Packard 
Thermal Inkjet 


Laser ablated 

or HrlllpH 

polymer 


Individual nozzle holes are ablated 

hv !in intftnsp 1 IV in a nfi77lp 

VJ ail llllvlljv \J V ICljvl Ml d WKJLLlv 

plate, which is typically a polymer 
suchaspolyimideorpolysulphone 


♦ No masks required 

♦ Can be auite fast 

♦ Some control over nozzle 
profile is possible 

♦ Equipment required is 
relatively low cost 


♦ Each hole must be individually formed 

♦ Snecial CQuinment reonired 

♦ Slow where there are many thousands 
of nozzles per print head 

♦ May produce thin burrs at exit holes 


♦ Canon Bubblejet 1 

♦ l988Serceletal 

T 1 /UU Uvl vwl Cll., 

SPIE,Vol.998 
ExcimerBeam 
Applications, pp. 76- 
83 

♦ 1993 Watanabeetal., 
USP 5,208,604 


oiiicon micro- 
machined 


A separaic nozzie piaic is 
inicromachinedfrom single crystal 
silicon, and bonded to the print head 
wafer. 


♦ ficoiirarv i^i attairifihlp 

T 1 llgll (IVvUiUvY lo ClllClllKlUlv 


♦ Twn nfltl POiKtriiPtinn 

T 1 VYU Udl I vvIIjU UvUUll 

♦ High cost 

♦ Requires precision alignment 

♦ Nozzles may be clogged by adhesive 


« K Rean IFFF 
Transactions on 
Electron Devices, 
Vol.ED-25,No,10, 
1978, pp 1185-1195 

♦ Xerox 1990 Hawkins 
etal.,USP4,899,18| 


Glass 
capillaries 


Fine glass capillaries are drawn from 
glass tubing. This method has been 
used for making individual nozzles, 
but is difficult to use for bulk 
manufacturing of print heads with 
thousands of nozzles. 


♦ No expensive equipment 
required 

♦ Simple to make single 
nozzles 


♦ Very small nozzle sizes are difficult to 
form 

♦ Not suited for mass production 


♦ 1970 Zoltan USP 1 
3,683,212 
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Monolithic, 
surface micro- 
machined 
using VLSI 
lithographic 
processes 


The nozzle plate is deposited as a 
layer using standard VLSI deposition 
techniques, Nozzles are etclied in tlie 
nozzle plate using VLSI lithography 
and etching, 


♦ High accuracy (<1 ^m) 

♦ Monolithic 

♦ Low cost 

♦ Existing processes can be 
used 


♦ Requires sacrificial layer under the 
nozzle plate to form the nozzle 
chamber 

♦ Surface may be fragile to the touch 


♦ Silverbrook,EP0771 
658 A2 and related 
patent applications 

♦ IJ01,IJ02,IJ04,IJ11 

♦ IJI2,IJI7,IJI8,IJ20 
« Wll Il?4 ll?7 

f IjLLj Ijl'lj IJllj IJLQ 

♦ IJ29,IJ30,IJ31,IJ32 

♦ IJ33,IJ34,1J36,IJ37 

♦ IJ38,IJ39,IJ40,1J41 

♦ IJ42,IJ43,IJ44 1 


Monolithic, 
eicneQ 
through 
substrate 


The nozzle plate is a buried etch stop 
in ine waier, iNozzie cnamoers are 
etched in the front ofthe wafer, and 
the wafer is thinned from the back 
side. Nozzles are then etched in the 
etch stop layer. 


♦ High accuracy (<1 fim) 

? IVIUIlUllUlIt 

♦ Low cost 

♦ No differential expansion 


♦ Requires long etch times 
T ixcqutiw a auppun WcilCr 


♦ IJ03,IJ05,IJ06,IJo" 

4 iinK lino iiin iin 
f ijuo, ljuy, iJiu, ijij 

♦ IJ14,IJI5,IJI6,IJ19 

♦ IJ21,IJ23,IJ25,IJ26 


No nozzle 
plate 


Various methods liave been tried to 
elimmatethe nozzles entirely, to 
prevent nozzle clogging. These 
include thermal bubble mechanisms 
and acoustic lens mechanisms 


♦ No nozzles to become 
cloggea 


♦ Difficult to control drop position 
accurately 

♦ Crosstalk problems 


♦ Ricoh 1995 Sekiyaet 
i\ iicD ^ /in /in 

ai USK J,4IZ,4IJ 

♦ l993 Hadimiogluet 
alEUP 550,192 

♦ l993 ElrodetalEUP 
572,220 


Trough 


Each drop ejector has a trough 
through which a paddle moves, 
There is no nozzle plate. 


♦ Reduced manufacturing 
complexity 

♦ Monolithic 


♦ Drop firing direction is sensitive to 
wicking. 


♦ IJ35 


Nozzle slit 
instead of 
individual 
nozzles 


The elimination ofnozzle holes and 
replacement by a slit encompassing 
many actuator positions reduces 
nozzle clogging, but increases 
crosstalk due to ink surface waves 


♦ No nozzles to become 
clogged 


♦ Difficult to control drop position 
accurately 

♦ Crosstalk problems 


♦ 1989SaitoetalUSP 
4,799,068 



liiin, it" II ' ll .V ll' il 

U WJ I!" ii;,.. il,.it 
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Drop ejection direction 



Ejection 
direction 


Description 


Advantages 


Disadvantages 


Examples 


cage 

('edge 
shooter') 


IIIK HOW IS along Iflc SUriaCt 01 llic 

chip, and ink drops are ejected from 
the chip edge. 


♦ Simnle constniction 

♦ No silicon etching required 

♦ Good heat sinking via 
substrate 

♦ Mechanically strong 

♦ Ease of chip handing 


♦ l\lr)77lp<; limitpd to pdop 

♦ High resolution is difficult 

♦ Fast color printing requires one print 
head per color 


4 r/innn Riihhipipt 

1979 EndoetalGB 
patent 2,007,162 

♦ Xerox heater-in-pit 
1990 Hawkins etal J 
USP 4,899,181 1 

♦ Tone-jet 


Surface 
('roof shooter') 


Ink flow is along the surface of the 
chip, and ink drops are ejected from 
the chip surface, normal to the plane 
of the chip. 


♦ No bulk silicon etching 
required 

♦ Silicon can make an 
effective heat sink 

♦ Mechanical strength 


♦ Maximum ink flow is severely 
restricted 


♦ Hewlett-Packard TIJ 
1982Vaughtetal 
USP 4,490,728 

♦ IJ02,IJII,IJ12,IJ20 

♦ IJ22 


Through chip, 
forward 

('up shooter') 


Ink flow is through the chip, and ink 
drops are ejected from the front 
surface of the chip. 


♦ High ink flow 

♦ Suitable for pagewidth print 

♦ High nozzle packing density 
therefore low 
manufacturing cost 


♦ Requires bulk silicon etching 


♦ Silverbrook,EP0771 
658 A2 and related 
patent applications 

♦ IJ04,IJ17,IJ18,IJ24 

♦ lj27-IJ45 


Through chip, 
reverse 

('down 
shooter') 


Ink flow is through the chip, and ink 
drops are ejected from the rear 
surface of the chip. 


♦ High ink flow 

♦ Suitable for pagewidth print 

♦ High nozzle packing density 
therefore low 
manufacturing cost 


♦ Requires wafer thinning 

♦ Requires special handling during 
manufacture 


♦ IJ0I,IJ03,IJ05,IJ06 

♦ IJ07,IJ08,IJ09,IJI(| 

♦ IJI3,IJ14,IJ15,1JI6" 

♦ 1JI9,IJ2I,IJ23,IJ25 

♦ IJ26 


Through 
actuator 


Ink flow is through the actuator, 
which is not fabricated as part of the 
same substrate as the drive 
transistors. 


♦ Suitable for piezoelectric 
print heads 


♦ Pagewidth print heads require several 
thousand connections to drive circuits 

♦ Cannot be manufactured in standard 
CMOSfabs 

♦ Complex assembly required 


♦ Epson Stylus 

♦ Tektronix hot melt 
piezoelectric ink jets 
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Ink TYPE 



Ink type 


Description 


Advantages 


Disadvantages 


Examples 


Aqueous, dye 


Water based ink which typically 
contains; water, dye, surfactant, 
humectant, and biocide. 

Modern ink dyes have high water- 
fastness, light fastness 


♦ Environmentally friendly 

♦ No odor 


♦ Slow drying 

♦ Corrosive 

♦ Bleeds on paper 

♦ May strikethrough 

♦ Cockles paper 


♦ Most existing inkjets 

♦ All IJ series inkjets 

♦ Silverbrook,EP077l 
658 A2 and related 
patent applications j 


Aqueous, 
pigment 


Water based ink which typically 
contains: water, pigment, surfactant, 
humectant, and biocide. 

Pigments have an advantage in 
reduced bleed, wickingand 
strikethrough, 


♦ Environmentally friendly 

♦ No odor 

♦ Reduced bleed 

♦ Reduced wicking 

♦ Reduced strikethrough 


♦ Slow drying 

♦ Corrosive 

♦ Pigment may clog nozzles 

♦ Pigment may clog actuator mechanisms 

♦ Cockles paper 


♦ IJ02,IJ04,IJ21,IJ2l 

♦ IJ27,IJ30 

♦ Silverbrook EP077I 
658 A2 and related 
patent applications 

♦ Piezoelectric ink-jets 

♦ Thermal inkjets 
(with significant 
restrictions) 


Methyl Ethyl 
Ketone (MEK) 


MEK is a highly volatile solvent used 
for industrial printing on difficult 
surfaces such as aluminum cans. 


♦ Very fast drying 

♦ Prints on various substrates 
such as metals and plastics 


♦ Odorous 

♦ Flammable 


♦ All IJ series inkjets 


Alcohol 

(ethanol,2- 
butanol, and 
others) 


Alcohol based inks can be used 
where the printer must operate at 
temperatures below the freezing 
point of water. An example of this is 
in-camera consumer photographic 
printing. 


♦ Fast drying 

♦ Operates at sub-freezing 
temperatures 

♦ Reduced paper cockle 

♦ Low cost 


♦ Slight odor 

♦ Flammable 


♦ All IJ series ink jets 

( 
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Phase change 
(hot melt) 


The ink is solid at room temperature, 
and is melted in the print head before 
jetting. Hot melt inks are usually wax 
based, with a melting point around 
oU C. After jetting the ink freezes 
almost instantly upon contacting the 
print medium or a transfer roller. 


♦ No drying time- ink 
instantly freezes on the print 
medium 

♦ Almost any print medium 

can oe usea 

♦ No paper cockle occurs 

♦ No wicking occurs 

♦ No bleed occurs 

♦ No strikethrough occurs 


♦ High viscosity 

♦ Printed ink typically has a 'waxy' feel 

♦ Printed pages may 'block' 

♦ Ink temperature may be above the curie 
point of permanent magnets 

♦ Ink heaters consume power 

♦ Long warm-up time 


♦ Tektronix hot melt 
piezoelectric inkjets 

♦ 1989NowakUSP 
4,820,346 

♦ AlllJ series inkjets 


Oil 


Oil based inks are extensively used 
inoirsetprmting. They have 
advantages in improved 
characteristics on paper (especially 
no wicking or cockle), Oil soluble 
dies and pigments are required, 


♦ High solubility medium for 
some dyes 

♦ Does not cockle paper 

♦ Does not wick through 
paper 


♦ High viscosity: this is a significant 
limitation for use in inkjets, which 
usually require a low viscosity. Some 
short chain and multi-branched oils 
have a sufficiently low viscosity. 

♦ Slow drying 


♦ AlllJ series ink jetsi 


Microemulsion 


A microemulsion is a stable, self 
forming emulsion of oil, water, and 
surfactant, The characteristic drop 
size is less than 1 00 nm, and is 
determined by the preferred 
curvature of the surfactant. 


♦ Stops ink bleed 

f nignayesoiuDiiiiy 

♦ Water, oil, andamphiphilic 
soluble dies can be used 

♦ Can stabilize pigment 
suspensions 


♦ Viscosity higher than water 

♦ Lost IS siigntiy nigner man water Dasea 
ink 

♦ High surfactant concentration required 
(around 5%) 


♦ All IJ series inkjets 



Ink Jet Printing 

A large number of new forms of ink jet printers have been 
developed to facilitate alternative ink jet technologies for the 
image processing and data distribution system. Various 
combinations of ink jet devices can be included in printer 
devices incorporated as part of the present invention. 
Australian Provisional Patent Applications relating to these ink 
jets which are specifically incorporated by cross reference 
include : 



Australian 
Provisional 
Number 


Filing Date 


Title 


PO8066 


15-Jul-97 


Image Creation Method and Apparatus (IJOl) 


PO8072 


]5-Jul-97 


Image Creation Method and Apparatus (IJ02) 


PO8040 


15-Jul-97 


Image Creation Method and Apparatus (IJ03) 


PO8071 


15-Jul-97 


Image Creation Method and Apparatus (IJ04) 


PO8047 


15-Jul-97 


Image Creation Method and Apparatus (IJ05) 


PO8035 


15-Jul-97 


Image Creation Method and Apparatus (IJ06) 


PO8044 


15-Jul-97 


Image Creation Method and Apparatus (IJ07) 


PO8063 


15-Jul-97 


Image Creation Method and Apparatus (IJ08) 


PO8057 


15-Jul-97 


Image Creation Method and Apparatus (IJ09) 


PO8056 


15-Jul-97 


Image Creation Method and Apparatus (IJIO) 


PO8069 


15-Jul-97 


Image Creation Method and Apparatus (IJll) 


PO8049 


15-Jul-97 


Image Creation Method and Apparatus (IJ12) 


PO8036 


15-Jul-97 


Image Creation Method and Apparatus (IJ13) 


PO8048 


15-Jul-97 


Image Creation Method and Apparatus (IJ14) 


PO8070 


15-Jul-97 


Image Creation Method and Apparatus (IJ15) 


PO8067 


15-Jul-97 


Image Creation Method and Apparatus (IJ16) 


PO8001 


15-Jul-97 


Image Creation Method and Apparatus (IJ17) 


PO8038 


15-Jul-97 


Image Creation Method and Apparatus (IJ18) 


PO8033 


15-Jul-97 


Image Creation Method and Apparatus (IJ19) 


PO8002 


15-Jul-97 


Image Creation Method and Apparatus (IJ20) 


PO8068 


15-Jul-97 


Image Creation Method and Apparatus (IJ21) 


PO8062 


15-Jul-97 


Image Creation Method and Apparatus (IJ22) 


PO8034 


15-Jul-97 


Image Creation Method and Apparatus (IJ23) 


PO8039 


15-Jul-97 


Image Creation Method and Apparatus (IJ24) 


PO8041 


15-Jul-97 


Image Creation Method and Apparatus (IJ25) 


PO8004 


15-Jul-97 


Image Creation Method and Apparatus (1J26) 
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PO8037 


15-Jul-97 


Imaee Creation Method and AoDaratus nJ27^ 


PO8043 


15-Jul-97 


Image Creation Method and Apparatus (IJ28) 


PO8042 


15-JuI-97 


Image Creation Method and Apparatus (IJ29) 


PO8064 


15-Jul-97 


Image Creation Method and Apparatus (IJ30) 


P09389 


23-Sep-97 


Image Creation Method and Apparatus (IJ3 1 ) 


P09391 


23-Sep-97 


Imaffe Creation Method and Aooaratus riJ32^ 


PP0888 


12-Dec-97 


Ima^e Creation Method and Annaratus ni33^ 


PP0891 


12-Dec-97 


Imape Creation Method and Annaratus i\ 134^ 


PP0890 


12-Dec-97 


Imafje Crpation IVIethnd and Annaratii*; rTT3S^ 


1 1 VO / 


12-Dec-97 


Tmacyp Creation IVfpthoH and Annaratii<? ^1736^ 




12-Dec-97 


ImacTp Creation IVtethod and Annaratiis ^1137^ 




1 ?-nec-Q7 


TmacTP^ Crf*5ition \/lp»fhr^H iinH ArinaratiiQ ^^TT'^J^^ 

lllld^C V_/IC€llIUll IVICLIIVJU dllVJ aLUo \^lJJOy 


PPT 


1 Q-Tan-9S 


An Fm5ia"P» r^rf^ntirin \/rf*tVir*H anH Annjir?itiiQ T'^Q^ 






An Tmsicrf* r^r^>Eitir»n IV/Tf^thnrf anH AnnamfiiQ ^1140^ 

/All illldgC/ V^lC'ClLI^ll IVldlUJLl dllLI rA|^|jClI CILUD ^^AJ'-rV/^ 


PP2593 


25-Mar-98 


Image Creation Method and Apparatus (IJ41) 


PP3991 


9-Jun-98 


Image Creation Method and Apparatus (IJ42) 


PP3987 


9-Jun-98 


Image Creation Method and Apparatus (IJ43) 


PP3985 


9-Jun-98 


Image Creation Method and Apparatus (IJ44) 


PP3983 


9-Jun-98 


Image Creation Method and Apparatus (IJ45) 



Ink Jet Manufacturing 

Further^ the present application may utilize advanced 
semiconductor fabrication techniques in the construction of large 
arrays of ink jet printers. Suitable manufacturing techniques 
are described in the following Australian provisional patent 
specifications incorporated here by cross-reference: 



Australian 
Provisional 
Number 


Filing Date 


Title 


P07935 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (IJMOl) 


P07936 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (IJM02) 


P07937 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (IJM03) 


PO8061 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (IJM04) 


PO8054 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (IJM05) 


PO8065 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (1JM06) 


PO8055 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (1JM07) 


PO8053 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (IJM08) 


PO8078 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (IJM09) 
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P07933 


15-JuI-97 


A Method of Manufacture of an Image Creation Apparatus (IJMIO) 


PO7950 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (IJMl 1) 


P07949 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (IJMl 2) 


PO8060 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (IJMl 3) 


PO8059 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (IJMl 4) 


PO8073 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (IJMl 5) 


PO8076 


15-Jul-97 


A Method of Manufacture of an Image Creation Apparatus (IJMl 6) 


PO8075 


15-Jul-97 


A M^ethod of Manufacture of an Imaffe Creation Annaratus fITK417^ 


PO8079 


15-Jul-97 


A Method of Manufacture of an Imacre Creation Annaratu's flllVIl 8^ 


POROSO 

1 Vj'O W J w 


i5-Jul-97 


A IVfpthoH of IVf aniifactiirp of an Tmapc* Creation Annaratii<s nilVflQ^ 


posns? 


1 S-Tnl-Q7 


A \/f*=*thr>H ^/taniifiir'tiirf* rvf jin Tmacre r~*rpation Anniirjitiic ^TT1V/T7n^ 

^T. LVJ.C/ LI IVJLl VJl iVidll III d^LUI & Ul dll lllld^t' V_/l t/dLIVJI 1 r^^yjCLl CLLLlj ^IJlVl^v/y 




1 S-Fiil-Q7 


A \^f»thnH r^f 1V1 a niif^if^tiirp r\f n T m a ctp* f^rpa tir^n A nn^i riiti i c C\ WA^ 1 ^ 

/T. iVlC'LIlkJLl Wl iVIdI 1 LI I dV^LUI W dll lllld^& V^ItdLIVJIl JJJJdl d LLlo ^IJlVl^l J 


PO70'^ 1 


1 S-Tiil-07 

1 J- J UI-!7 / 


A IV/ffil'hnH lV/tdniifVif^tiiT"f=* r^T nn Imatrp* I'rf^Jiti^^n A nnnfjitiic /^I T\/t77^ 

/T. 1V1CLI1L>U \JL IVldll HI dC'LUi C dll llIIdgQ \^lCdLHJIl /T.JJJJdI dLUo ^^IJIVI^Z,^ 


POROTA 


1 S-Tnl-07 


A IV/fp^thr^H iTp IVtsiriiiTcioti irf^ r\T fin Tmrifjf* ^^rf^atirvn A nnnrntiic ^TT^^7'^^ 

/V IVICLIUJLI \J± IVldllUldL^LUI C iJl dll lllld^C' v_/lCdLHJIl -r\JJ|JdI dLUo \^lJiVl^_J y 


Pn7041 


1 S-Tiil-Q7 


A \/fp»tVir*H N/f5iTiiifVir*tiit*p r\'P an Tmncrp f^rpjitirvn AnnnratiiQ /'TTA/T74^ 
iviCLlUJU xji ividll Lit dC'Ltii \JL dii iiiidgc; V'lC'diii^ii ^j^i^di dLu:> yu ivi^'-tj 


PORO?? 
I wou / / 




A lV/r#^4'rir\H /^T IWf dtiii I sir'l'i iff* r\T cin TmciO'p i rpfitir^n A rm5if*5itiic i ITlV/i7^i 

r\ IViCtllULI \Jl iVldllUlddtil C \J1 all lllld^C' Vw'l Vi^dllWll /ALFLIdl dltlo yiJLVl^^j 






A \/f f^tfinrl r^f* \/t5iniif5»r»tiirp rvf 5in Tmsicyp t^rpatirvn AnnnmtiiQ /TTIV/f^fi^ 

/V IVlCtlUJU l-'l IVldll Ul d^LUll C ^Jl dll lllldgV^ Vw^lCdllWll >rA[J JJdl dlUo y^lJlVl^^J^ 


PORO^ 1 




A IVyf #^4'Vir\r? /^T IWT iinii rcir*1"iirf^ 5*n Tmsidf* i^t*f*5itif^n A nnsiratiic iITlV^77i 
/A IVICIIIL/U \Jl IVldllUidk/Ltll C yjL all lllldgC v^lwdllUll rAlJUdl dllio y^ljiviz, / j 


1 yjO\j'-r J 


1 S-Tiil-Q7 


A IV/f p^tfir^rl r^f IV/tiin iifV»r*ti 1 rp rvF 5in Imficrp ^^rpsitir^n AnnnratiiQ /'TTA/f2R^ 

/A iVlCiilUU yJl IVldllLlldL/LUI C \Jl all lllldgv \_^lwdlHJll /A JJdl dlLiS yiJlrl^ijJ 




1 ^ Till 07 


r\ ivicinou \ji ividiiuidCLurc ui dll iiiidgc v^rcdinjii /Appdidiuo yu lyi^zf j 




1 S-Tiil-07 


A \yf*=*thriH (^"f TV/fun iif -a ntiirf* r\'F an Tmacrp ^^rpatir^n Anr\nt*5itiic /'ITIV/T'^n^ 

iVlClllVJVJ \JL IVldllUIdV^LUl C yjL all IllldgC' N^lvdliVJlI /AJJ|^dl dlLI3 yiJ IVUXJ J 




1 1 -Aiicr-07 


A IV/TpthnH r^f IV/f anil fsif til rp i^f* 5in Tmntrp {^rpation AnnJiratiiQ ^^1 IlV/f^ria^ 

/A IVIC^IIIVJU KJl IVidl 1 UI dk^ LUI W VJl dll lllldgw V_^lvdllWll /AJJJJdl dLLIo yLJlvl^yjaj 






A N/fpthoH of IVlaniifaptiirp of an Tmacrp Crpation Artnaratiis; rTTlVf^l^ 

/A IVXdIlVJU \Jm iVldliUIddUl ui dll lllldg^ V^l&dLlUII /^jJJJdl dLUo \^1»I1V1_J l y 






A \4pthorl of \/f aniifaptiirp of an Tmacrp Crpatton Annaratii*? r^TllVf'^2^ 

/A IVIC'LIIVJU Ul IVidll U I dw LLll C KJL all lllldgC/ V_/lt^dltUlI ^T.|J^dl dLLia yuivi^^j 


PP0889 




A \4pthorl of \/faniifaptiirp of an Tmacrp Crpatton Annaratii<s ^^TTK'I'^S^ 

i\. iVXwillWVJ Ul iVldllU IdC'LLll C yj L all Xllldg^ V_/lWdLiUll xVLJL/di dLUO yLtfiyi^^J 


PP0887 




A \4pthoH of IVf amifaptiirp of an Tmacp (^rpation Annaratii^ ^^TT1VI^6^ 

/A iVl^LIIUU Ul IVldl 1 U I dV/Llil Ui dll XllldgW V^/ltdLIUII i».LyUfdl dHJ3 ^ 1. J 1 t l_/ VjF^ 






A IVTpthoH of IVIaniifaptiirp of an Imacfp Crpation Annaratii<s nTlV137^ 

ix. IVI^IIIUU Ul iVldll L4 Id^ LUl Ul dll lllld^V' V-^ltdLIUII i\.tJ\JCll CLiyiJ yLJiTl^ 1 J 


PP0874 




A \/fpthoH of A/taniifaptiirp of an Tmacrp Crpation Annaratii^ (^TT^/T'^8^ 

ivi^iiiuvJ Ul ividi 1 u 1 dc- LLii c- Ul dll iiiid^^ \w'i^dLiuii i^Lfu/di diuo ^xjivi_/uy 


PP1396 


lQ-Tan-98 


A IVTpthoH of IVlaniifaptiirp of an Tmaop Crpation Annaratiis m\4'^Q^ 

zA iVl&iIlUV4 Ul iVidl 1 U 1 dC- LUl & Ul dll lllld^t V_^I^dLlUIl .TAL/L'dl dLLio yt^Jiyi-J^J 


PP2591 


25-Mar-98 


A IVTpthoH of IVtaniifaptnrp of an Tmacrp Creation Annaratus ^11^441^ 


PP3989 


9-Jun-98 


A Method of Manufacture of an Image Creation Apparatus (IJM40) 


PP3990 


9-Jun-98 


A Method of Manufacture of an Image Creation Apparatus (IJM42) 


PP3986 


9-Jun-98 


A Method of Manufacture of an Image Creation Apparatus (IJM43) 


PP3984 


9-Jun-98 


A Method of Manufacture of an Image Creation Apparatus (IJM44) 


PP3982 


9-Jun-98 


A Method of Manufacture of an Image Creation Apparatus (IJM45) 
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Fluid Supply 

Further, the present application may utilize an ink delivery 
system to the ink jet head. Delivery systems relating to the 
supply of ink to a series of ink jet nozzles are described in the 
following Australian provisional patent specifications, the 
disclosure of which are hereby incorporated by cross-reference: 



Australian 
Provisional 
Number 


Filing Date 


Title 


PO8003 


15-Jul-97 


Supply Method and Apparatus (Fl) 


PO8005 


15-Jul-97 


Supply Method and Apparatus (F2) 


PO9404 


23-Sep-97 


A Device and Method (F3) 



MEMS Technology 



Further, the present application may utilize advanced 
semiconductor microelectromechanical techniques in the 
construction of large arrays of ink jet printers. Suitable 
microelectromechanical techniques are described in the following 
Australian provisional patent specifications incorporated here by 
cross-reference : 



Australian 
Provisional 
Number 


Filing Date 


Title 


P07943 


15-Jul-97 


A device (MEMSOl) 


PO8006 


15-Jul-97 


A device (MEMS02) 


PO8007 


15-Jul-97 


A device (MEMS03) 


PO8008 


15-Jul-97 


A device (MEMS04) 


PO8010 


15-Jul-97 


A device (MEMS05) 


PO8011 


15-Jul-97 


A device (MEMS06) 


P07947 


15-Jul-97 


A device (MEMS07) 


P07945 


15-Jul-97 


A device (MEMS08) 


P07944 


15-Jul-97 


A device (MEMS09) 


P07946 


15-Jul-97 


A device (MEMS 10) 


P09393 


23-Sep-97 


A Device and Method (MEMS 1 1) 


PP0875 


12-Dec-97 


A Device (MEMS 12) 


PP0894 


12-Dec-97 


A Device and Method (MEMS 13) 
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IR Technologies 

Further, the present application may include the utilization 
of a disposable camera system such as those described in the 
following Australian provisional patent specifications 
incorporated here by cross-reference: 



/^Uall <iii<tii 

Provisional 
Number 




Title 


PP0895 


12-Dec-97 


An Image Creation Method and Apparatus (IROl) 


PP0870 


12-Dec-97 


A Device and Method (IR02) 


PP0869 


12-Dec-97 


A Device and Method (IR04) 


PP0887 


12-Dec-97 


Image Creation Method and Apparatus (IR05) 


PP0885 


12-Dec-97 


An Image Production System (IR06) 


PP0884 


12-Dec-97 


Image Creation Method and Apparatus (IRIO) 


PP0886 


12-Dec-97 


Image Creation Method and Apparatus (IR12) 


PP0871 


12-Dec-97 


A Device and Method (IR13) 


PP0876 


12-Dec-97 


An Image Processing Method and Apparatus (IR14) 


PP0877 


12-Dec-97 


A Device and Method (IR16) 


PP0878 


12-Dec-97 


A Device and Method (IRl 7) 


PP0879 


12-Dec-97 


A Device and Method (IRl 8) 


PP0883 


12-Dec-97 


A Device and Method (IRl 9) 


PP0880 


12-Dec-97 


A Device and Method (IR20) 


PP0881 


12-Dec-97 


A Device and Method (IR21) 



DotCard Technologies 

Further, the present application may include the utilization 
of a data distribution system such as that described in the 
following Australian provisional patent specifications 
incorporated here by cross-reference: 



Australian 
Provisional 
Number 


Filing Date 


Title 


PP2370 


16-Mar-98 


Data Processing Method and Apparatus (DotOl) 


PP2371 


16-Mar-98 


Data Processing Method and Apparatus (Dot02) 
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Artcam Technologies 

Further, the present application may include the utilization 
of camera and data processing techniques such as an Artcam type 
device as described in the following Australian provisional 
patent specifications incorporated here by cross-reference: 



Australian 
Provisional 
Number 


Filing Date 


Title 


P07991 


15-Jul-97 


Image Processing Method and Apparatus (ARTOl) 


PO8505 


1 l-Aug-97 


Image Processing Method and Apparatus (ARTOl a) 


P07988 


15-Jul-97 


Image Processing Method and Apparatus (ART02) 


P07993 


15-Jul-97 


Image Processing Method and Apparatus (ART03) 


PO8012 


15-Jul-97 


Image Processing Method and Apparatus (ART05) 


PO8017 


15-Jul-97 


Image Processing Method and Apparatus (ART06) 


PO8014 


15-JuI-97 


Media Device (ART07) 


PO8025 


15-JuI-97 


Image Processing Method and Apparatus (ART08) 


PO8032 


15-Jul-97 


Image Processing Method and Apparatus (ART09) 


P07999 


15-Jul-97 


Image Processing Method and Apparatus (ART 10) 


P07998 


l5-Jul-97 


Image Processing Method and Apparatus (ARTl 1) 


PO803 1 


15-Jul-97 


Image Processing Method and Apparatus (ART 12) 


PO8030 


15-JuI-97 


Media Device (ARTl 3) 


P08498 


ll-Aug-97 


Image Processing Method and Apparatus (ART 14) 


P07997 


15-Jul-97 


Media Device (ARTl 5) 


P07979 


15-Jul-97 


Media Device (ARTl 6) 


PO8015 


15-Jul-97 


Media Device (ARTl 7) 


P07978 


15-Jul-97 


Media Device (ARTl 8) 


P07982 


15-Jul-97 


Data Processing Method and Apparatus (ART 19) 


P07989 


15-Jul-97 


Data Processing Method and Apparatus (ART20) 


PO8019 


15-Jul-97 


Media Processing Method and Apparatus (ART21) 


PO7980 


15-Jul-97 


Image Processing Method and Apparatus (ART22) 


P07942 


15-Jul-97 


Image Processing Method and Apparatus (ART23) 


PO8018 


15-Jul-97 


Image Processing Method and Apparatus (ART24) 


P07938 


15-Jul-97 


Image Processing Method and Apparatus (ART25) 


PO8016 


15-Jul-97 


Image Processing Method and Apparatus (ART26) 


PO8024 


15-Jul-97 


Image Processing Method and Apparatus (ART27) 


PO7940 


15-Jul-97 


Data Processing Method and Apparatus (ART28) 


P07939 


15-Jul-97 


Data Processing Method and Apparatus (ART29) 


PO8501 


ll-Aug-97 


Image Processing Method and Apparatus (ART30) 



ART 08 US 
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PO8500 


ll-Aug-97 


Image Processing Method and Apparatus (ART3 1) 


P07987 


15-Jul-97 


Data Processing Method and Apparatus (ART32) 


PO8022 


15-Jul-97 


Image Processing Method and Apparatus (ART33) 


P08497 


1 l-Aug-97 


Image Processing Method and Apparatus (ART30) 


PO8029 


15-Jul-97 


Sensor Creation Method and Apparatus (ART36) 


P07985 


15-Jul-97 


Data Processing Method and Apparatus (ART37) 


PO8020 


15-Jul-97 


Data Processing Method and Apparatus (ART38) 


PO8023 


15-Jul-97 


Data Processing Method and Apparatus (ART39) 


P09395 


23-Sep-97 


Data Processing Method and Apparatus (ART4) 


PO8021 


15-JuI-97 


Data Processing Method and Aooaratus (^ART40^ 


PO8504 


1 1 -Aug-97 


Imaffe Processine^ Method and Annaratus rARX42^ 


PO8000 


15-Jul-97 


Data Proce<s*sin& Method and Annaratus rART43^ 


P07977 


15-Jul-97 


Data Proce<s*sinp IVIethoH and Annaratus ( ART44^ 


P07934 


15-Jul-97 


Data Propp*;<5inQ N/lethoH and Annaratii's ^ART4S^ 


PO7990 


15-Jul-97 


Oata Prore<;<sinP IVfethoH and Annaratiiis rARX46^ 


P08499 


1 1 -Aug-97 


TmacFP Propp^t^incT IVIethoH anH Annaratii*? ( ART^T^ 






Tmnop ProppcQi n CT lV/Tpthr>H anH Anr*jiratiic f ART*id8^ 


P07981 


15-Jul-97 


Oata Propes<;iricr K/IetHoH anH Annaratus ^^APTSO^ 


P07986 


]5-jul-97 


T^ata Propessino IVfethoH anH Annaratus ^^ARTSl^ 


P07983 


15-Jul-97 


Data PropessincF IVfethoH anH Annaratus ^AP'TS'?^ 


PO8026 


15-Jul-97 


Tmape Propessino' IVTethoH anH Annaratus ( ARTS'^^ 


PO8027 


15-Jul-97 


Tmao'e Propessinc IVfetVioH anH Annaratus ( ARHTS^.^ 


PO8028 


15-Jul-97 


Tmao'e Prooessino IVIethoH anH Annaratus ( ARTS^^^ 

llllu^W 1 I wooing IVIS,; 11 VJ d-llU r^YJxJCii CLvxXj \a\.x\.x J\j f 


P09394 


23-SeD-97 


Tmape Proeessino IS/IethoH anH Annaratus ( ARTS7^ 


P09396 


23-SeD-97 


Data Processing IVIethoH anH Annaratns ( ARXSS^ 


P09397 


23-SeD-97 


Data Processing IVIethoH anH Annaratns ( ARXSQ^ 


P09398 


23-Sep-97 


Data Processing Method and Annaratus (^ART60^ 


P09399 


23-SeD-97 


Data Processing Method and Annaratus rART61^ 


PO9400 


23-SeD-97 


Data Processing Method and Annaratus rART62^ 


PO9401 


23-Sep-97 


Data Processing Method and Apparatus (ART63) 


PO9402 


23-Sep-97 


Data Processing Method and Apparatus (ART64) 


PO9403 


23-Sep-97 


Data Processing Method and Apparatus (ART65) 


PO9405 


23-Sep-97 


Data Processing Method and Apparatus (ART66) 


PP0959 


16-Dec-97 


A Data Processing Method and Apparatus (ART68) 


PP1397 


19-Jan-98 


A Media Device (ART69) 
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